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From  the  painting  by  Gerrit  A.  Beneher  (1882-)  in  his  possession 


THE  BUILDER 


I  am  the  Builder;  on  my  throne 
Of  iron  and  wood  and  steel  and  stone, 

I  stand,  the  Builder,  but  not  alone:  — ■ 

In  God’s  own  image,  from  God’s  own  plan 
From  common  clay,  He  built  Me,  Man, 
From  common  clay,  He  raised  the  ban 
That  I  might  live  —  but  not  alone. 


From  God’s  own  earth  I  scoop  the  ore, 
The  coal  I  mine,  the  rock  I  bore, 

The  Lightning’s  flash  from  the  air  I  store 
This  clay  fuse  I  —  with  fire  to  mock 
The  Ancient  Gods;  their  temples  rock, 
Crash  back  to  earth,  tongues  interlock 
To  build  no  Babel  as  of  yore. 


Where  once  a  hillock  was  but  small, 

I  build  the  city  towering  tall, 

The  peasant’s  hut,  the  marble  hall:  — 
With  men  from  many  a  foreign  strand, 
I  build  with  heart  and  soul  and  hand 
America  —  the  Promised  Land! 

Build  all  for  each,  build  each  for  all. 
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THE  EPIC  OF  INDUSTRY 

IN  the  seventeenth  century  on  the  wooded  bank  of  the  James  River  a  busy  group  of 
Englishmen  unloaded  from  three  small  ships  a  quantity  of  axes  and  adzes,  hoes  and 
firearms,  including  some  small  cannon.  Soon  after  a  redskin,  trained  to  hunt  with 
bow  and  arrow,  bore  to  the  Indian  villages  up  the  river  news  of  the  coming  of  the  whites. 
The  age  of  iron  had  come  suddenly  into  contact  with  the  age  of  stone.  The  two  cultures 
were  widely  different.  The  Indian  used  wood  for  his  bow,  the  shafts  of  his  spears  and 
arrows,  and  for  the  framework  of  his  lodge,  which  he  covered  with  bark.  Of  both  logs 
and  bark  he  made  canoes.  He  wove  reeds  into  baskets  and  fiber  into  cloth.  He  made 
shapely  vessels  of  clay.  The  skins  of  animals  he  turned  into  clothing  and  blankets,  and 
of  a  shoulder  blade  he  sometimes  made  a  hoe.  He  could  hammer  copper  into  ornaments. 
Though  his  culture  was  primitive,  he  was  a  craftsman  with  a  craft  knowledge  which  had 
come  down  from  antiquity,  and  the  greatest  of  his  arts  was  his  stonework.  The  finely 
chipped  arrow  point  of  chert  (rock-flint),  the  beveled  and  polished  knife,  or  the  decorated 
stone  pipe,  inevitably  arouse  admiration  for  the  skill,  the  sense  of  proportion,  and  the 
feeling  for  beauty  of  the  artisan  who  shaped  it.  Fire  and  human  energy  were  practically 
the  only  natural  forces  that  he  utilized. 

The  Europeans  who  now  settled  along  the  Atlantic  shore  had,  about  two  thousand 
years  before,  in  Britain,  outgrown  the  cultural  stage  in  which  they  found  the  Indians. 
They  too  used  the  energy  of  fire  and  the  human  body,  but  they  had  also  domestic  ani¬ 
mals.  They  spread  sails  to  the  wind  and  harnessed  the  power  of  the  waterfall.  The  use 
of  the  magnetized  compass  had  become  common  among  them.  They  had  learned  the 
advantage  of  the  lever  and  the  value  of  the  wheel.  Like  the  Indians  they  used  wood,  but 
they  built  it  into  houses  of  timber  and  ships  that  crossed  the  ocean.  They  made  bricks 
as  well  as  pottery  of  clay.  Their  stone  was  not  chipped  into  arrow  points,  but  was  built 
into  castles  and  cathedrals.  They  had  discovered  where  iron  ore  lay  exposed  on  rough 
hillsides  or  hidden  in  swampy  bogs,  and  had  learned  to  shape  the  crude  product  of  nature 
to  their  ends.  This  knowledge  represented  one  of  their  most  important  adjustments  to 
their  natural  environment.  Iron  sickles  cut  their  grain  and  their  plows  had  iron  points. 
Iron  tools  aided  their  stone  masons.  Iron  cannon  belched  fire  and  smoke  as  they  hurled 
iron  projectiles  at  the  enemy.  The  blacksmith,  an  ironworker,  was  a  person  of  conse¬ 
quence;  only  a  few  centuries  before  he  had  been  deemed  a  wizard.  But  seventeenth- 
century  European  life,  like  that  of  the  Indian,  was  still  in  the  age  of  the  handicrafts. 

The  English  manufacturers  were  the  goldsmiths,  the  silversmiths,  the  cobblers,  the 
tanners,  the  cabinetmakers,  and  a  host  of  other  artisans.  In  the  shops  of  these  workers 
the  raw  products  of  nature  were  turned  into  articles  which  formed  the  material  basis  of 
Western  civilization.  The  variety  and  profusion  of  the  things  they  made  measured  the 
advance  of  the  whites  over  the  culture  of  the  Indians.  Their  production  implied  a  com¬ 
plex  social  organization.  The  forest-dwelling  redskins  had  developed  a  simple  division 
of  labor.  The  medicine  man  had  his  peculiar  function,  and  sometimes  the  arrow  maker 
was  kept  steadily  at  his  special  task.  But  otherwise  the  men  of  the  village  were  by  turns 
hunters,  fishermen,  warriors,  or  artisans  as  occasion  demanded.  In  the  European  com¬ 
munity  specialization  of  function  was  marked,  lhe  tailor  or  the  blacksmith  was  able 
to  devote  himself  entirely  to  his  trade  with  the  consequent  economic  gain  that  followed 
the  development  of  skill  and  speed.  The  English  town  from  which  came  so  many  of  the 
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first  pioneers  in  America  was  to  a  considerable  extent  a  group  of  specialists.  America 
had  the  fortune  to  be  settled  in  the  centuries  when  the  handicrafts  of  Europe  reached  their 
highest  development.  This  craft  knowledge  and  manual  skill  went  overseas  with  the 
people  who  built  their  villages  on  the  banks  of  the  James,  the  Delaware,  or  the  Cooper, 
and  this  heritage  of  craft  lore  was  admirably  fitted  to  serve  the  needs  of  a  thinly  held 
European  frontier  separated  from  the  homeland  by  three  thousand  miles  of  ocean. 

But  the  English  villages  in  America  did  not  at  once  assume  the  complex  character 
of  the  Old-World  towns.  Life  on  the  edge  of  the  forest  meant  a  hand-to-hand  struggle  for 
existence  by  a  small  and  isolated  group  in  which  division  of  labor  all  but  disappeared. 
Every  family  supplied  its  wants  as  best  it  could.  Of  necessity  the  earliest  settlers,  no 
matter  what  their  former  occupations,  turned  to  agriculture  as  the  only  source  of  a  de¬ 
pendable  and  adequate  food  supply.  Yet  the  householder  must  be  more  than  a  farmer. 
With  the  aid  of  his  neighbors  he  built  his  house  and  provided  it  with  furniture.  He  con¬ 
trived  many  of  his  most  essential  tools  and  stood  ready  at  all  times  to  repair  a  break.  He 
learned  much  from  the  Indian  to  aid  him  in  the  food  quest,  but  otherwise  the  red-skinned 
artisans  had  little  to  teach  him.  His  craft  knowledge,  as  indispensable  as  his  husbandry, 
came  wholly  from  Europe,  and  with  this  the  English  immigrants  were  able  in  less  than 
a  century  to  gain  a  permanent  foothold  on  that  long  coast  from  New  England  to  Carolina. 

For  nearly  two  centuries  the  handicrafts  served  the  needs  of  life  in  America.  As  the 
seventeenth  century  passed  into  the  eighteenth,  the  primitive  character  of  the  first  com¬ 
munities  disappeared.  The  miller,  the  carpenter,  the  cobbler,  the  tailor,  and  the  doctor 
began  to  provide  the  division  of  labor  that  was  characteristic  of  European  towns.  The 
eighteenth-century  traveler  in  Boston  or  Philadelphia  would,  again  and  again,  in  the 
houses,  the  shops,  and  the  signs  of  the  artisans  be  reminded  of  contemporary  England. 
Life  in  the  New  World  had  passed  the  stage  of  the  rough  struggle  with  nature,  and  the 
craftsman  had  assumed  an  importance  comparable  to  that  in  the  Old  World.  Westward 
expansion,  which  by  the  middle  of  the  eighteenth  century  had  reached  the  Appalachian 
mountains,  presented  new  problems.  Distances  in  the  new  country  were  greater  than  in 
England,  and  the  age  of  handicrafts  offered  nothing  better  than  the  small  sailing  ship  and 
the  coach  that  traveled  on  unimproved  roads.  Even  between  the  seaboard  colonies 
communication  was  difficult  and  infrequent,  and  the  interior  existed  in  almost  complete 
isolation.  When  the  colonies  united  to  throw  off  the  political  yoke  of  Britain  there  were 
many  thoughtful  Americans  who  believed  that  success  in  arms  must  inevitably  be  followed 
by  disintegration  of  the  new  state.  Yet,  by  a  curious  turn  of  fate,  the  very  years  of  the 
American  War  of  Independence  saw  in  the  enemy  country  the  beginnings  of  another 
revolution  that  was  one  day  to  play  a  determining  part  in  keeping  the  new  nation  intact 
and  in  making  possible  its  swift  expansion  across  the  continent. 

The  Industrial  Revolution  in  England,  in  the  last  third  of  the  eighteenth  century, 
marks  a  turning  point  in  the  history  of  Western  civilization.  Yet,  in  part,  it  was  but  the 
surface  manifestation  of  another  development  of  even  greater  significance.  From  the 
earliest  days  of  the  evolution  of  the  race  men  had  adjusted  themselves  to  their  natural 
environment  by  the  method  of  trial  and  error.  This  time-honored  method  had  produced 
in  Europe  the  cultures  of  Greece  and  Rome,  and  in  America  the  civilization  of  the  Mayas. 
In  Europe,  as  the  Middle  Ages  ended,  the  conviction  of  some  ancient  Greek  thinkers  that 
the  earth,  and  the  universe  of  which  it  is  a  part,  is  governed  by  law  began  to  develop. 
Slowly  the  scientific  method  of  experimentation  and  the  open-minded  gathering  of  many 
facts  came  into  being  in  the  investigation  of  nature.  This  was  not  a  spectacular  event, 
but  the  work  of  many  men  in  many  places  and  the  result  of  efforts  continued  through 
many  years.  It  was  an  achievement  almost,  if  not  quite,  as  important  as  the  taming  of 
fire  in  the  primitive  days  of  the  race.  Fire  made  possible  a  vast  new  set  of  human  adjust¬ 
ments  to  the  natural  environment.  The  scientific  method  opened  the  way  to  an  orderly 
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and  intelligent  investigation  of  nature  and  to  an  almost  unlimited  utilization  of  natural 
products  and  forces. 

In  the  latter  years  of  the  eighteenth  century  a  group  of  English  inventors  applied  the 
principles  of  mechanics  to  the  building  of  labor-saving  machines.  They  also  made 
practicable  the  use  of  the  energy  that  resides  in  steam.  The  new  machines  and  the  new 
power  were  but  one  phase  of  the  Industrial  Revolution;  the  other  was  the  gathering  to¬ 
gether  under  a  single  roof  of  the  devices  and  the  laborers  to  run  them.  The  factory  system 
as  a  form  of  economic  organization  was  created.  When  in  America  Thomas  Jefferson  was 
first  elected  President,  the  Industrial  Revolution  was  profoundly  modifying  English  life. 
The  old  handicrafts  were  steadily  giving  way  to  the  factory  with  its  machines.  The 
nation,  not  without  much  economic  distress,  was  shifting  to  a  new  industrial  foundation. 
But  in  America,  when  Jefferson  was  inaugurated,  the  handicrafts  were  yet  supreme; 
only  an  occasional  factory  had  appeared  in  the  communities  of  the  United  States. 

The  reasons  why  the  Americans  were  slow  in  utilizing  the  machines  and  the  organiza¬ 
tion  created  by  the  Industrial  Revolution  are  not  far  to  seek.  The  machines  were  ex¬ 
pensive  and  the  factory  required  a  large  investment.  The  people  of  the  United  States  had 
little  fluid  capital,  their  resources  having  been  used  up  in  establishing  and  equipping 
farms  or  in  building  and  maintaining  ships  at  sea.  Moreover,  there  was  little  of  the 
necessary  labor  supply  in  communities  from  which  men  were  constantly  going  west  to 
clear  the  forest  and  secure  independent  holdings.  Jealous  English  owners,  also,  strove  to 
keep  for  themselves  the  benefits  of  the  great  discoveries  and  inventions.  No  machines  or 
even  drawings  of  a  machine  were  knowingly  permitted  to  leave  the  land.  A  decade  of 
the  nineteenth  century  passed  before  the  factory  system  made  any  appreciable  impress 
upon  American  communities.  It  became  firmly  established  in  the  United  States  only 
because  of  artificial  conditions  created  by  the  Napoleonic  wars  and  the  War  of  1812. 
From  1807  to  1815  the  American  merchant  marine  was  buffeted  by  adverse  conditions, 
and  the  importation  of  manufactured  goods  from  England  was  difficult  or  impossible. 
So  factories  sprang  up  and,  for  the  time  being,  capital  turned  from  sea  to  land  enterprises. 

Visitors  in  southern  New  England,  New  York  and  New  Jersey,  in  the  days  following 
the  War  of  1812  were  struck  by  the  changes  they  found.  “In  the  three  eastern  districts 
of  Connecticut,”  wrote  Tench  Coxe,  “the  traveler’s  eye  is  charmed  with  the  view  of 
delightful  villages,  suddenly  rising  as  it  were  by  magic,  along  the  banks  of  some  meander¬ 
ing  rivulet;  flourishing  by  the  influence  and  fostered  by  the  protecting  arm  of  manufac¬ 
tures.”  Had  the  traveler  paused  in  one  of  these  hamlets  and  gone  down  to  the  textile 
factory  which  lay  below  the  stone  dam  that  had  been  thrown  across  the  stream,  he  would 
have  found  the  doors  open  well  before  sunup  in  the  short  days  of  fall  and  winter  and  a 
troop  of  children  thronging  in  to  tend  the  machines  until  sunset.  Factory  wages  had 
drawn  them,  and  with  them  often  their  mothers  and  older  sisters,  away  from  the  stony 
farms  on  the  hills  about  the  valley.  Their  fathers  still  cultivated  the  fields  or  found 
work  in  the  village. 

The  factory  towns  of  contemporary  England  afforded  considerable  contrast  to  most 
of  those  in  America.  There  were  places  in  the  United  States  where  factories  were  filled 
with  employees  of  a  low  type,  and  where  conditions  developed  comparable  to  those  in 
towns  like  Birmingham,  where  so  many  of  the  laborers  were  recruited  from  a  hopeless 
pauper  rabble.  But,  in  general,  the  laborers  in  the  early  American  factories  came  from 
substantial  farming  folk.  Rarely,  if  ever,  would  the  traveler  in  the  United  States  come 
upon  filthy  dormitories  into  which  children  were  crowded  without  regard  to  sex  to  grow 
up  in  wretchedness  and  vice.  Child  labor  was  a  commonplace  in  America  as  in  England. 
Shortage  of  labor  supply  made  it  inevitable  in  industries  like  the  textiles.  Moreover, 
industrialism  was  new,  and  Americans  had  not  yet  come  to  realize  the  national  loss  which 
results  from  setting  their  children  to  work  in  factories  at  an  early  age.  On  the  whole. 
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and  according  to  the  standards  of  the  times,  the  people  of  the  United  States  could  be 
proud  of  the  factories  which  sprang  up  in  the  land  where  the  merchant  trader  had  long 
been  the  dominant  economic  figure. 

Pennsylvania,  as  well  as  New  England,  felt  the  stir  of  the  new  life.  In  the  eastern 
valleys  and  in  the  country  about  Pittsburgh,  where  iron  ore  was  found  in  limestone  strata, 
stone  forges  were  built  along  the  hillsides  and  in  the  valley  bottoms.  In  the  surrounding 
forests  charcoal  burners  were  pressed  to  supply  the  fuel  which  reduced  the  ore  to  pigs. 
The  product  which  flowed  from  the  forges  was  further  refined  and  wrought  into  the  tools 
and  machines,  the  stoves,  the  anchors,  the  decorative  iron  fences  and  gates,  and  the  host 
of  other  metal  objects  that  the  growing  life  of  America  required.  As  the  frontier,  pushing 
westward  across  the  great  central  plain,  increased  the  demand  for  guns  and  for  agricul¬ 
tural  implements,  the  stone  forges  grew  larger,  and  their  far-sighted  owners  bought  up 
vast  tracts  of  forest  to  insure  their  future  supply  of  charcoal.  The  traveler  of  to-day  may 
find  the  ruins  of  these  old,  stone-throated  monsters,  cold  now  for  many  decades,  standing 
moss-covered  and  deserted  in  the  midst  of  trees  and  undergrowth.  And  in  New  England, 
were  he  to  walk  up  many  of  the  small  streams  where,  a  century  ago,  the  children  came 
each  morning  to  the  little  factories,  he  would  find  but  a  succession  of  broken  dams,  an 
occasional  crumbling  wall  of  brick,  and  perhaps  the  skeleton  of  an  ancient  water  wheel 
half  imbedded  in  the  gravel  of  the  creek  bottom.  The  new  era  which  replaced  the  old 
came  into  full  being  in  the  years  which  followed  the  war  between  the  North  and  South. 

The  history  of  the  three  decades  following  the  Civil  War  is  the  story  of  the  most  re¬ 
markable  economic  and  social  transformation  in  the  history  of  the  people  of  the  United 
States.  Within  the  area  of  the  United  States  lie  natural  resources  greater  by  far  than 
those  of  any  other  nation.  Of  coal,  the  chief  producer  of  energy  in  modern  times,  the 
American  republic  has  more  than  half  the  world  s  reserves.  In  the  Take  Superior  and 
southern  Appalachian  fields  the  United  States  has  some  of  the  chief  iron  deposits  of  the 
earth’s  crust.  Only  in  Great  Britain,  the  Lorraine-Ruhr  region,  and  the  United  States, 
are  iron,  coal,  and  a  large  iron  and  steel-consuming  market  situated  close  together.  These 
three  have  become  the  iron  centers  of  the  world,  with  the  United  States  producing  at  the 
end  of  the  first  quarter  of  the  twentieth  century  forty  per  cent  of  the  world’s  iron  out¬ 
put.  America  is  rich  in  copper,  silver,  gold,  and  many  lesser  minerals.  Vast  petroleum 
pools  lie  hidden  beneath  the  surface  soil.  There  are  many  streams  whose  energy  may  be 
turned  to  productive  uses.  For  more  than  two  centuries  this  tremendous  wealth  had 
remained  almost  untouched.  At  once  a  combination  of  circumstances  wrought  a  pro¬ 
found  change. 

The  most  important  of  these  was  the  growth  of  scientific  knowledge  and  its  applica¬ 
tion  to  the  practical  affairs  of  life.  By  1850  chemistry,  physics,  geology,  and  biology 
were  well  beyond  their  uncertain  beginnings.  The  larger  part  of  the  scientific  research 
up  to  that  time  had  been  done  in  Europe  but  most  of  the  knowledge  thus  gained  became 
general  property.  Geologists  explored  with  the  utmost  care  the  area  of  the  United  States 
to  determine  the  location  and  the  magnitude  of  the  natural  resources  of  the  nation. 
Their  work  made  clear  to  Americans  the  real  character  of  the  environment  in  which  they 
lived.  Much  had  already  been  learned  from  the  unscientific  prospectors  who,  following 
the  California  gold  rush,  had  threaded  the  gorges  and  clambered  through  the  passes  of 
the  western  mountains  in  search  of  yellow  nuggets.  Some  had  found  gold,  and  in  the 
decades  of  the  ’fifties  and  ’sixties  miners  had  rushed  to  strike  after  strike.  The  flow  of  gold 
from  new  sources  increased  the  nation’s  fluid  capital,  and  stimulated  business  and  made 
easier  the  application  of  scientific  knowledge  to  industry. 

During  the  first  half  of  the  nineteenth  century  Americans,  while  not  abreast  of  Euro¬ 
peans  in  scientific  research,  had  earned  a  reputation  for  “Yankee  inventiveness.”  They 
had  given  the  world  vulcanized  rubber,  the  reaper,  the  sewing  machine,  and  the  telegraph. 
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together  with  many  lesser  devices.  Moreover  they  had  vigorously  attacked  the  problem  of 
transportation.  I  he  great  distances  of  America  had  exercised  a  profound  influence  over 
its  industrial  advance.  In  the  early  decades  of  the  nineteenth  century,  when  transporta¬ 
tion  facilities  were  limited  to  rivers,  the  sea,  turnpikes  and  an  occasional  canal,  the  factory 
was  limited  by  the  area  from  which  it  could  draw  its  raw  products  and  in  which  it  could 
sell  its  manufactured  goods.  The  canal  had  offered  a  partial  solution.  But  before  its 
possibilities  could  be  fully  determined  Americans  had  turned  to  experimenting  with 
railroads.  In  the  decade  before  the  Civil  War  the  railroad  became  definitely  established 
as  the  most  important  solution  of  the  American  problem  of  distance.  Following  the  war 
came  a  period  of  railroad  building  without  parallel  in  world  history.  Within  fifteen  years 
after  the  surrender  at  Appomattox,  no  less  than  four  railways  bound  the  Atlantic  to  the 
Pacific,  and  from  1880  to  1890  the  railroad  mileage  of  the  United  States  jumped  from 
more  than  ninety-three  thousand  to  well  above  one  hundred  and  sixty-three  thousand 
miles.  The  United  States  was  welded  into  an  economic  unit  without  customs  barriers 
from  ocean  to  ocean.  No  longer  was  the  manufacturer  held  within  the  confines  of  a 
narrow  section  for  his  raw  materials,  and  he  could  sell  in  a  market  that  stretched  from 
Florida  to  Oregon.  In  this  great  area  lived  a  rapidly  growing  population  with  common 
tastes  and  a  common  standard  of  living.  The  development  of  science  and  one  of  its 
products,  the  railway,  were  two  of  the  factors  which  made  possible  the  utilization  of 
America’s  vast  natural  wealth.  The  third  was  the  contribution  of  the  practical  man  of 
affairs. 

Inevitably  the  last  third  of  the  nineteenth  century  was  marked  by  a  fierce  and  often 
ruthless  struggle  for  power.  Strong  men  appeared  who  towered  above  their  fellows. 
They  owned  factories  or  railroads.  They  were  the  dukes  of  the  new  era  and,  as  was  the  case 
with  their  feudal  predecessors,  the  welfare  of  many  persons  rested  in  their  hands.  Fre¬ 
quently  they  fought  one  another  as  the  barons  had  done  of  old.  Then  competition  began 
to  disappear  as  men  learned  the  power  and  profits  that  flow  from  combination.  The 
greatest  of  the  new  leaders  combined  men  and  capital  into  corporations  which  were  de¬ 
veloped  to  gigantic  proportions.  American  life  was  wrenched  into  a  new  form  as  a  na¬ 
tional  division  of  labor  was  perfected.  At  the  close  of  the  Civil  War  the  United  States  was 
far  behind  Great  Britain  in  industrial  importance.  In  three  decades,  the  span  of  a 
single  generation,  America  led  the  world  in  the  value  of  its  manufactured  products. 

By  the  time  the  twentieth  century  opened,  industrialism  had  become  a  factor  of  the 
first  importance  in  American  life.  The  passing  of  the  frontier  and  the  completion  of  the 
greater  part  of  the  national  network  of  railroads  freed  capital  for  industrial  development, 
and  in  America  this  capital  was  gathered  into  the  greatest  financial  combinations  the 
world  had  known.  Large-scale  production,  and  the  bringing  of  a  succession  of  manufac¬ 
turing  steps  under  a  single  control,  resulted  in  an  efficiency  which  made  possible  American 
competition  with  foreign  producers  who  paid  lower  wages  to  their  laborers.  Scientific 
investigation  was  accelerated  as  laboratories  became  a  part  of  the  equipment  of  many 
industrial  establishments.  Nature  was  ransacked  in  a  systematic  manner  for  every 
element  and  every  source  of  energy  that  might  be  turned  to  the  amelioration  of  human 
life.  In  the  processes  of  industry,  the  iron  man  steadily  replaced  the  human  hand.  The 
automatic  machine  controlled  by  the  giant  corporation  is  the  triumph  of  the  age  of  in¬ 
dustry.  But  all  too  frequently  it  reduces  the  worker  to  a  mere  automaton  who  spends  the 
years  of  his  life  feeding  a  senseless  monster. 

Labor  has  prospered  with  industry,  yet  the  wage  earner  has  had  many  a  difficult 
problem  to  solve.  The  growth  of  manufacturing  put  vast  economic  power  into  the  hands 
of  the  successful  few.  Many  of  the  iron  dukes  were  predatory.  The  employee  fought 
at  times  for  better  working  conditions  and  for  wages  which  measured  his  standard  of 
living.  For  two  centuries  and  a  half  most  Americans  had  owned  a  farm  or  a  business;  a 
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relatively  small  part  of  the  population  had  worked  for  hire.  Industrialism  brought  to 
America  a  growing  group  of  men  and  women  whose  sole  dependence  was  a  job.  And  a 
job  was  not  like  a  piece  of  land  or  a  stock  of  goods  in  a  store;  it  might  vanish  when 
times  grew  hard  and  no  one  know  why  it  had  gone.  Po  protect  himself  against  the 
vicissitudes  of  his  economic  position,  the  wage  earner  sought  to  organize.  In  the  seventies 
and  ’eighties  he  developed  the  spectacular  Knights  of  Labor  which,  after  claiming  a  mem¬ 
bership  of  a  million,  fell  suddenly  into  collapse.  Other  organizations  have  followed  and 
have  gained  power  far  beyond  that  of  the  Knights  in  the  heyday  of  their  greatness.  Yet, 
in  America,  labor  organizations  lag  in  their  growth  behind  those  of  England.  Perhaps 
one  of  the  reasons  may  be  found  in  the  character  of  the  American  wage-earning  group. 

The  rapid  exploitation  of  the  natural  resources  within  the  United  States  brought 
about  one  of  the  world’s  important  population  movements.  Millions  of  Europeans 
crossed  the  ocean  to  share  in  the  opportunities  which  America  lavishly  offered.  They 
built  railroads,  dug  mines,  and  tended  machines  in  the  clattering  factories.  They 
brought  with  them  prejudices  and  inherited  national  hatreds.  Their  first  problem  was  to 
learn  the  ways  of  a  new  nation  and  to  adjust  themselves  to  a  new  environment.  As  a 
group,  this  polyglot  mass  did  not  possess  common  ideals,  and  the  workers  that  passed  in 
through  the  factory  gate  as  the  whistle  blew  spoke  a  multitude  of  languages.  The 
organization  of  such  a  group  presented  at  times  insuperable  difficulties.  It  has  never 
been  fully  accomplished.  Again  and  again  the  natural  leaders  of  the  wage  earners  have 
risen  out  of  the  group  to  become  managers.  Opportunity  has  not  failed  genuine  ability. 
But  organization  has  come,  and  has  aided  in  improving  the  lot  of  the  laborer.  Coopera¬ 
tion  also  between  employer  and  employee  has  increased  as  the  chaotic  early  years  of 
industrialism  have  passed,  and  as  the  customs  and  ideals  of  the  new  industrial  civilization 
have  taken  shape.  Meanwhile  the  United  States,  passing  the  middle  point  of  the  second 
century  of  its  national  history,  has  become  the  industrial  colossus  of  the  world. 

The  position  of  America  rests  upon  its  natural  resources,  and  upon  the  knowledge, 
energy,  and  capacity  for  organization  of  its  people.  Industrial  expansion  has  burst  the 
national  boundaries.  The  people  of  the  United  States  have  interests  and  commitments 
over  the  world.  They  cannot,  if  they  would,  refuse  to  think  in  terms  of  world  relation¬ 
ships.  The  past  history  of  America  has  been  the  story  of  the  development  of  economic 
strength  surpassing  any  in  the  world.  The  history  of  the  future  must  be  the  chronicle 
of  the  use  of  that  strength  for  good  or  evil  on  the  earth. 


Ralph  H.  Gabriel 
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THE  AGE  OF  HOMESPUN 

SE\  ENTEENTH— CENTURY  America  was  vastly  different  from  contemporary 
England.  Englishmen  crossing  the  Atlantic  to  this  distant  frontier  were  plunged 
into  a  wilderness  to  face  a  rough  and  dangerous  life,  and  to  encounter  experiences 
that  were  strange  and  for  which  the  settlers  had  no  training.  Seventeenth-century 
America  was  little  more  than  a  succession  of  isolated  settlements  on  a  coast  that  stretched 
from  Maine  to  Carolina.  In  places,  notably  New  England,  villages  had  appeared  in  the 
interior  at  some  distance  from  the  shore.  In  the  Hudson  valley  a  few  settlements  had 
been  made  as  far  north  as  the  present  Albany.  From  north  to  south  in  these  embryo 
colonies  life  tended  to  revert  closely  to  a  mere  primitive  struggle  for  existence.  The  home 
group,  the  man,  his  wife  and  children,  was  thrown  upon  its  own  resources.  The  age  of 
homespun  was  the  inevitable  result.  From  first  to  last  it  remained  a  characteristic  of 
the  American  frontier.  For  a  generation  after  the  War  of  Independence  the  nation  itself 
continued  mostly  in  the  age  of  homespun. 

In  the  colonial  era  industry  was  hindered  by  the  overwhelming  preeminence  of  agri¬ 
culture,  the  shortage  of  labor,  the  lack  of  fluid  capital,  the  absence  of  markets  for  both 
raw  materials  and  finished  products,  and  the  prohibitive  costs  of  transportation.  In 
addition  to  these  natural  limitations,  the  British  colonial  policy  restricted  any  activity 
that  threatened  competition  with  the  workmen  of  the  mother  country.  Nearly  all  manu¬ 
facturing,  quarrying,  and  mining,  consequently,  were  confined  to  the  homestead  or  to  a 
limited  locality. 

The  colonial  period  measures  more  than  a  century  and  a  half  in  time.  By  the  first 
quarter  of  the  eighteenth  century  colonial  communities  from  New  England  to  the 
Carolinas  had  become  firmly  established  and  fairly  well  adjusted  to  the  peculiarities  of 
their  particular  situations.  Yet  to  the  outbreak  of  the  War  of  Independence  the  industrial 
development  in  America  was  largely  limited  to  agriculture.  Some  men  in  the  northern 
colonies  fished  for  a  living.  As  the  years  passed,  the  merchant  marine  built  and  manned 
by  the  colonists  increased  in  size  and  importance.  The  carrying  trade  proved  profitable 
and  commerce  grew.  The  need  of  ships  for  the  sailors  and  boats  for  the  fishermen  called 
shipyards  into  being.  Lumbermen  furnished  naval  stores  —  pitch,  masts,  resin,  tar. 
But  in  spite  of  these  developments  most  of  the  colonists  were  dependent  upon  the  soil. 

Except  among  the  occasional  rich  planters  of  the  southern  colonies  or  the  large 
landholders  of  the  Hudson  valley,  most  farmers  had  little  money  with  which  to  buy 
manufactured  goods.  The  larger  part  of  the  things  they  needed  they  made  for  themselves. 
In  a  new  country  which  they  were  developing,  their  standard  of  living  was  necessarily 
adjusted  to  primitive  or  semi-primitive  conditions.  The  farmers  as  a  group  did  not  offer 
an  attractive  market  to  the  enterprising  manufacturer.  Moreover,  those  planters  or 
merchants  who  could  afford  to  buy  luxurious  furniture  or  clothing  tended  to  make  their 
purchases  in  a  foreign  market.  Merchant  traders  were  constantly  dealing  in  London, 
and  Virginia  and  Carolina  planters  were  selling  their  products  in  the  English  market. 
Naturally  such  folk  bought  the  things  they  needed  abroad.  The  development  of  manu¬ 
facturing  in  America  had  to  await  the  further  growth  of  its  economic  life.  Steadily 
throughout  the  eighteenth  century  this  growth  went  on. 
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A  PIONEER  HOME,  JAMESTOWN,  VIRGINIA 
The  seventeenth  century  was  a  time  of  colonial  beginnings.  Shiploads  of  pioneers  crossed  the  Atlantic 
from  Europe  to  found  settlements  in  the  New  World.  Their  first  need  was  shelter  against  cold  and  storms. 

In  the  earliest  English  colonies  the  first  habitations 
were  rough  tents  or  dugouts  sunk  in  a  hillside.  Later 
came  the  house  made  from  the  materials  of  the  forest. 
Building  a  house  was  a  communal  enterprise,  since 
there  was  little  or  no  surplus  labor  in  the  settlements 
struggling  for  a  foothold  in  the  wilderness. 


A  Pilgrim  Home,  built  in  1653,  Irom  a  photograph  by  the 
Halliday  Historic  Photograph  Co..  Boston 


BUILDING  THE  HOME 

In  the  most  primitive  settlements  logs  were  used 
whole,  care  being  exercised  to  select  uniform  sizes. 
Then  the  logs  were  roughly  hewn  with  an  ax  or  adze. 
Finally,  where  saws  could  be  obtained,  the  logs 
were  dressed  into  beams  and  boards.  When  this 


Colonial  Carpenter  Tools,  in  the  collection  ol  the  Pocumtuck 
Valley  Memorial  Association,  Deerfield,  Mass. 


stage  was  reached  the  roughly  thatched  roof  was  displaced  by  shingles.  Gradually  a  typical  colonial  archi¬ 
tecture  was  evolved.  Variations  in  the  type  appeared  in  the  different  colonies.  Not  only  in  the  construction 
of  the  dwellings  but  also  for  innumerable  woodworking  tasks  in  and  about  the  household,  a  small  set  of 
carpenter’s  tools  was  a  necessary  part  of  a  pioneer’s  equipment.  Such  tools  were  either  brought  from  Europe 
or  made  at  home. 
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FURNISHING  THE 
PIONEER  HOME 


The  men  of  the  colonial 
household  built  their  own 
homes.  They  shaped  the 
logs  or  the  clapboards. 

With  the  help  of  their 
neighbors  they  put  up  the 
structure.  To  a  large 
extent  they  made  their 
own  tools.  They  built 
great  plows  of  wood  and 
shod  them  with  iron.  They 
carved  the  yokes  that  the 
ox  teams  used.  They  built 

much  of  the  interior  equip¬ 
ment  of  the  home  The  ^  From  the  reconstruction  in  the  Chronicles  ol  America  motion  picture  The  Frontier  Woman 

long  winter  season  when  there  was  no  work  to  do  in  the  fields  was  a  favorable  time  to  repair  or  add  to  the 
equipment  that  the  household  used  in  its  struggle  with  the  wilderness.  Until  a  cabinetmaker  established 
himself  in  the  community  each  household  produced  its  own  furniture.  Tables,  benches,  chairs  and  stools 
were  devised  from  logs  and  slabs,  dressed  and  smoothed  and  held  together  with  wooden  pins.  Bedsteads 
were  similarly  constructed,  and  cradles  were  made  from  poplar  troughs,  peeled  hickory  bark,  withes  and 

rushes.  The  men  also  man¬ 
ufactured  kitchen  utensils 
of  wood.  In  the  wooden 
tubs,  buckets  and  churns 
the  women  made  and  stored 
their  butter,  cheese,  dye, 
syrups,  sugar,  salt,  hominy 
and  meal.  Sailors  from 
the  coast  towns  of  New 
England  or  the  middle 
colonies  amused  them¬ 
selves  on  long  cruises  by 
carving  small  bowls  and 
other  wooden  articles  which 
they  presented  to  their 
womenfolk. 


Kitchen  of  the  Hancock-Clarke  House,  built  1698.  ©  Lexington  (Mass.)  Historical  Society 


6  Wooden  Cradle,  made  In  1700,  In  the  collection  of 
the  Lexington  Historical  Society 


7  Home-made  Dye  Tub,  in  the 
collection  of  the  Pocumtuek 
Valley  Memorial  Association 
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From  the  restoration  In  the  Essex  Institute,  Salem,  Mass. 


A  TYPICAL  COLONIAL  FIREPLACE,  1750 

The  fireplace  was  the  heart  of  the  colonial  home.  Toward  its  genial  light  and  warmth  the  industry  and  the 
social  life  of  the  household  naturally  gravitated.  Above  it  apples,  vegetables,  and  cereals  were  suspended  to 

dry.  Around  it  were  hung  iron  and  copper 
cooking  utensils.  Such  were  usually  im¬ 
ported,  though  occasionally  a  local  crafts¬ 
man  possessed  the  requisite  skill  to  make 
them.  Sometimes  even  the  householder 
himself,  where  water-borne  commerce  brought 
him  bar  metal,  shaped  the  commoner  uten¬ 
sils  and  tools. 


9  Tableware,  in  the  collection  of  the  Essex  Institute 

TABLEWARE 

In  later  colonial  days,  except  in  the  back-country,  which  long 
continued  to  use  wood,  tableware  consisted  primarily  of 
objects  made  of  pewter,  an  alloy  of  tin  and  lead.  Some  were 
crude  in  form  and  finish  but  many  were  beautiful  in  design 
and  workmanship.  Worn  pewter  plates  were  recast  into 

spoons,  for  which  purpose  a  mold  was  used.  Forks  were  10  Pewter  Spoons  anti  Spoon  Mold,  in  the  collection 
r  r  .  ,  of  the  Pocumtuck  Valley  Memorial  Association 

unknown  and  not  missed,  since  the  food  was  chiefly  soft 
cereals,  vegetables,  fruits,  or  meat  cooked  into  soups,  stews  or  hash.  The  making  of  pewter  ware  was  rarely 
a  household  industry.  Many  pieces  were  produced  by  colonial  artisans,  but  a  great  deal,  especially  the 
finer  pieces,  was  imported. 
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THE  SPLIT-BIRCH  BROOM 

Among  the  first  necessities  of  housekeeping  is  a  broom.  Borrowing  a  trick  from 
the  Indians,  the  earliest  colonists  bound  hemlock  branches  together.  Finer 
brooms  were  whittled  with  a  jackknife  from  the  trunk  of  a  small  birch  tree, 
the  splints  tied  together  with  hempen  twine.  Not  until  1798,  after  the  colonial 
period  had  passed,  was  broom  corn  extensively  planted.  Although  within  ten 
years  the  new  product  was  widely  used,  the  more  primitive  brooms  persisted 
in  the  frontier  homesteads  almost  to  the  middle  of  the  nineteenth  century. 


From  The  Growth  of  Industrial  Art,  Washington,  1892 


CANDLE  MAKING  IN  THE  COLONIAL  HOME 
From  the  Indians  the  pioneers  learned  to  use  knots  of  fat  pitch  pine  to  light 
their  houses.  For  themselves  they  discovered  it  was  wiser  to  burn  them  near 
the  fireplace,  where  the  smoke  and  tar  driblets  proved  less  troublesome.  Al¬ 
though  this  “candlewood”  remained  in  use  to  a  slight  degree  until  after  1800, 
colonists  generally  obtained  light  from  tallow  candles. 

A  characteristic  woman’s  task  of  the  old-time,  self-sufficient  household  was 
candle  making.  During  the  year  tallow  had  been  carefully  saved.  In  the 
fall,  when  the  days  were  shortening  and  the  men  were  busy  with  the  flails  on  the  threshing  floor,  the  women 
made  the  candles  for  the  winter  evenings.  Hemp,  tow,  cotton,  or  even  milkweed  were  twisted  into  wicks 
and  tied  to  the  candle  rod.  The  wicks  were  dipped 
into  a  kettle  of  hot  tallow  and,  one  by  one,  the  rods 
were  hung  upon  a  rack  to  cool.  Again  and  again  the 
dipping  was  repeated  until,  at  length,  the  candles 
attained  a  sufficient  diameter.  Candle  making  was 
a  long  task  that  the  housewife  was  glad  to  have 
behind  her. 


11  From  the  originals  in  the  collec¬ 
tion  ot  the  Pocumtuck  Valley 
Memorial  Association 


LARGE  AND  SMALL  CANDLE  MOLDS 
In  the  course  of  time  dipping  gave  place  to  the  pewter 
or  tin  candle  mold,  so  arranged  as  to  produce  from 
two  to  a  dozen  or  more  candles  at  once.  Itinerant 
candle  makers  carried  with  them  much  larger  molds. 
In  the  molds  a  wick  was  let  down  into  each  opening 
and  melted  tallow  poured  around  it.  The  new 
device  freed  the  woman  of  the  household  from  a  hard 
and  tedious  task. 


From  the  originals  in  the  collection  ol  the  Pocumtuck  Valley 
Memorial  Association 
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COLONIAL  CANDLESTICKS  AND 
IGNITING  DEVICES 

Besides  the  glow  of  the  fireplace,  tallow  candles 
lighted  the  seventeenth-century  settler’s  house.  The 
crude  candlesticks  first  made  by  the  pioneer  gave 
place  to  shapely  sticks  brought  from  England,  or 
those  fashioned  by  the  artisan  who  established  his 
shop  in  the  village.  Types  like  (1)  and  (3)  have 
persisted.  Type  (4),  with  its  two  bull’s-eye  lenses 
for  adding  to  the  brilliancy  of  the  light,  is  rarely 
seen.  The  same  is  true  of  (2),  which  is  a  combination 
candlestick  and  box  for  flint  and  steel  and  tinder. 
Before  the  days  of  matches,  sparks  were  struck  into 
the  tinder  by  a  flint-lock  (5),  or  a  device  like  (6),  by 
which  a  wheel  was  turned  rapidly  against  a  flint  by 
means  of  a  cord.  To  trim  the  wick  and  to  prevent 
smoking  after  the  light  was  extinguished,  a  snuffer  (7) 
was  used. 


14  From  the  originals  In  the  collection  of  the  Essex  Institute 


THE  INTRODUCTION  OF  THE 
WHALE-OIL  LAMP 

Candles  were  made  not  only  of  tallow  but  of 
beeswax,  bayberry  wax  and,  after  the  development 
of  whaling,  of  spermaceti.  But  the  whale  fishery 
introduced  a  new  illuminant,  whale  oil,  which  caused 
an  adaptation  of  the  candlestick  to  the  lamp.  Of 
these  perhaps  the  earliest  was  the  “Betty  Lamp”  (2) 
whose  shape  may  have  been  suggested  by  the  candle 
sconce  (1).  (3)  is  a  whale-oil  lantern  and  (4)  to  (7) 
are  oil  lamps.  The  crudity  of  some  of  these  lamps 
betokens  their  home  manufacture. 


15  From  the  originals  (1-3)  in  the  collection  of  the  Pocumtuck  Valley 
Memorial  Association  and  (4-7)  in  the  collection  of  the  Essex  Institute 


THE  MAKING  OF  BUTTER 
One  of  the  earliest  lessons  in  housewifely  art  taught  by 
the  grandmother  to  the  little  daughters  of  the  house  was 
the  churning  of  butter.  Most  of  them  hated  its  monotony 
and  heavy  labor.  Whether  they  liked  the  job  or  not  the 
pioneer  women  were  % 

forced  to  carry  it 
through  as  part  of 
their  regularly  recur-  i 


ring  duties.  Churns 
were  of  two  types, 
the  upright  sort  (No. 
16  ©  Keystone  View  Company  1 6)  manipulated  with 

a  dasher  or  paddle,  and  a  barrel  (No.  17)  with  a  rotary  dasher  inside. 
The  hand  churn  is  still  common  in  the  country  districts  of  America. 
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Barrel  Churn,  in  the  collection  of  the 
Hingham  (Mass.)  Historical  Society 
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THE  MAKING 
OF  SOAP 

The  manufacture  of  soap 
was  another  autumn  task 
of  the  women.  For  this 
purpose  two  raw  materials 
were  necessary;  namely, 
grease  and  lye.  The  grease 
was  carefully  preserved 
from  household  cooking 
or  homestead  butchering. 

Lye  was  obtained  by  filling  a  barrel  with  wood  ashes  from 
the  fireplace,  through  which  water  was  poured.  The 
liquid  that  leached  from  the  bottom  or  through  the  cracks  of  the  barrel  contained  the  necessary  mineral  matter. 
To  get  this  lye  in  proper  strength  was  the  chief  knack  in  soap  manufacture.  The  grease  and  lye  were  boiled 
together  in  pots  out  of  doors,  and  the  result  was  a  soft  soap  that  resembled  jelly,  which  was  used  for  washing 
purposes  about  the  household.  For  fine  toilet  purposes  the  wax  of  bayberry  made  a  hard  soap  that  was  con¬ 
sidered  a  luxury. 


18  Iron  Soap  Kettle  and  Leaching 
Spoon,  in  the  collection  of  the  Hing- 
ham  Historical  Society 


From  The  Growth  of  Industrial  Art ,  Washington, 
1892 


SLITTING  NAILS  IN  THE  HOME 
Around  the  fireside  in  the  evening  the  eighteenth- 
century  family  sometimes  eked  out  its  slender 
income  by  manufacturing  nails  and  tacks.  Bar  iron 
purchased  at  the  store  was  slit  into  proper  sizes, 
headed,  and  pointed.  The  finished  wrought  nails 
were  sold  or  bartered  at  the  store.  This  industry 
was  eventually  driven  out  of  the  home  by  the  in¬ 
vention  of  nail-slitting  machines.  These  contrivances 
were  among  the  first  mechanical  inventions  of  the 
fertile-minded  Yankee.  The  tack  works  of  modern 
Taunton,  Mass.,  are  lineal  descendants  of  this  colo¬ 
nial  fireside  industry. 

20  Nathan  Read's  Nail-slitting  Machine,  1798,  from  the  model 
In  the  Essex  Institute 

THE  MANUFACTURE  OF  TEXTILES 

Of  all  the  colonial  household  arts  perhaps  the  most  interesting  and  familiar  was  the  manufacture  of  textiles. 
The  usual  raw  materials  were  wool  or  flax  obtained  from  the  homestead  itself,  but  hemp,  cotton,  and  even 
lint  from  nettles  or  hair  from  cattle  were  sometimes  spun  and  woven  into  fabrics.  The  first  operation  was 
the  preparation  of  the  raw  materials  for  spinning.  In  the  case  of  wool  this  consisted  merely  in  washing  and 
straightening  the  fibers.  But  flax  had  to  go  through 
several  preliminary  stages  before  the  fibers  could  be 
straightened.  The  bundles,  as  they  came  from  the 
field,  were  first  submerged  in  water  or  kept  in  a 
cool  damp  cellar  until  the  hard  woody  stalk  of  the 
plant  was  rotted.  This  process  must  be  halted  at 
the  exact  moment  when  the  outside  stalk  had  de¬ 
composed  and  before  rot  had  attacked  the  fibers 
enclosed  by  the  stalk.  (1)  shows  a  bundle  of  rotted 
flax,  (2)  a  bundle  of  flax  fibers  taken  from  the  rot¬ 
ted  stalks,  and  (3)  a  piece  of  flax  spun  into  linen 
yarn.  Several  processes  were  necessary  before  stages 
(2)  and  (3)  could  be  reached.  North  of  New  York, 
flax  was  a  kitchen-garden  plant,  but  in  the  South 
it  had  some  importance  as  a  field  plant. 


21  Flax  In  Various  Stages,  In  the  collection  of  the  Pocumtuclt 
Valley  Memorial  Association 
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BRAKING  FLAX 

To  aid  in  removing  the  rotted  stalk  that  encloses  the  flax  fibers  the  bundles  were  pounded  by  the  machine 
known  as  a  flax  brake  (Nos.  22  and  23).  This  mashed  the  stalk  but,  if  done  carefully,  did  not  injure  the  fiber. 


23  Colonial  Flax  Brake,  In  the  collection  ot  the  Worcester  (Mass.)  Historical  Society 


25  From  the  original  in  the  collec¬ 
tion  of  the  Pocumtuck  Valley 
Memorial  Association 


THE  SWINGLING  BOARD 
AND  SWINGLING  KNIFE 
The  rotted  stalk  of  the  flax  was  also 
subjected  to  a  further  beating  by  a 
swingle  (No.  24).  The  ends  were 
trimmed  by  the  swingle  knife,  shown 
attached  to  the  upright  portion  of  the 
implement.  The  days  of  preparing  the 
flax  were  busy  ones  for  both  the  men 
and  women  of  the  household. 


24  From  the  original  In  the  collection  ot  the 
Pocumtuck  Valley  Memorial  Association 


THE  FLAX  HATCHEL 

When  the  rotted  stalk  of  flax  was  entirely  removed  by  braking  and  swingling, 
the  cleaned  fibers  were  drawn  through  a  hatchel  (No.  25)  —  a  comb-like 
device  —  which  straightened  the  fibers  and  laid  them  all  in  one  direction. 
The  flax  fibers  were  then  ready  for  spinning. 
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27  Old-time  Wool  Combs,  in  the  collection  ot  the  Focumtuck 
Valley  Memorial  Association 


26  Carding  Wool  by  Hand,  from  a  photograph  by 

Rudolf  Eickemeyer 
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Home-made  Wool  Cards,  in  the  collection  of  the  Pocumtuck 
Valley  Memorial  Association 


THE  PREPARATION  OF  WOOL 
Wool  as  it  comes  from  the  sheep  is  greasy  and  full 
of  dirt.  In  preparing  it  for  spinning  it  was  necessary 
at  the  outset  to  wash  it  with  warm  water  and  soap.  When  dry  it  consisted  of  a  tangled  mass  of  fibers  which 
must  be  straightened  and  laid  parallel  with  one  another.  For  this  latter  purpose  two  tools  were  used  —  first 
a  comb  (No.  27)  for  general  straightening,  and  then  “cards”  (No.  28)  for  a  more  careful  arrangement  of 

_  the  fibers.  The  comb  was  fastened  to  a  wall  and  the 

mass  of  fibers  pulled  through  it.  The  cards  —  always 
a  pair  —  were  held  hi  the  hands,  and  small  bits  of 
wool  put  upon  one  of  them.  The  other  card  was 
then  drawn  across  the  first,  pulling  the  wool  through 
the  teeth  of  both  cards. 


29  From  the  originals  in  the  collection  of  the  Pocumtuck  Valley 
Memorial  Association 


SPINNING  WHEELS  FOR  FLAX 
AND  WOOL 

The  combed  lint,  either  wool  or  flax,  was  next  put 
upon  a  distaff  and  spun  by  means  of  a  wheel,  fliers, 
and  spools,  with  the  deft  manipulation  of  feminine 
fingers.  The  wheels  for  spinning  wool  were  large; 
flax  wheels  were  small.  Sometimes  the  yarn  (thread), 
after  spinning,  was  dyed  with  concoctions  made  from 
vegetables,  flowers,  or  wood,  but  often  the  dyeing 
process  awaited  the  completion  of  the  cloth.  To 
facilitate  the  handling  of  spun  yarn  it  was  usually 
run  on  to  reels  and  then  on  to  spools. 


THE  PAGEANT  OF  AMERICA 


A  FAMILY  AT  WORK 
SPINNING  AND 
KNITTING 

After  the  yarn  was  spun 
it  could  be  knitted,  woven 
or  felted.  Knitting  was 
performed  by  hand  with 
the  familiar  bone  needles, 
although  use  was  also 
made  of  a  special  knitting 
frame.  The  woman  at  the 
left  in  the  illustration  is 
spinning,  the  one  in  the 
center  is  winding  spun 
yarn  on  spools,  and  at  the 
right  is  a  knitting  frame 
for  making  stockings. 

Scenes  like  the  one  in  this 
British  household  were 
common  enough  in  America. 

In  the  neighborhood  of 
Philadelphia  nearly  every 
house  contained  a  stocking 

frame,  and  the  region  was  one  of  the  first  in  America  to  give  itself  over  to  a  single  industry.  Germantown 
stockings”  was  a  phrase  as  familiar  as  the  modern  expression  “Pittsburgh  iron.”  In  England  the  income  of 
many  a  family  was  largely  dependent  upon  activities  like  those  shown  in  the  picture, 
main  job  of  the  man  was  generally  farming. 


From  The  Universal  Magazine ,  London,  August,  1750 


In  America  the 


THE  LOOM  IN  THE  COLONIAL  HOUSEHOLD 
A  loom  for  weaving  was  a  necessity  in  the  colonial  home.  The  process  of  weaving  consists  in  interlocking 
threads  at  right  angles  to  one  another.  The  loom  held  the  threads  straight  and  parallel.  Alternate  threads 

were  one  moment  raised, 
and  the  intervening  threads 
lowered.  Through  the  space 
between,  another  thread 
was  passed  from  the  side. 
It  came  from  a  small  spool 
(bobbin)  held  in  the  weav¬ 
er’s  hand.  After  the  side 
thread  was  in  place  it  was 
pushed  by  hand  against 
the  preceding  side  thread. 
This  process  was  repeated 
and  so  the  cloth  wras 
made.  Even  the  crudest 
loom  which  could  perform 
all  these  operations  was 
necessarily  a  complicated 
mechanism.  Weaving  was 
an  art  that  the  colonial 
woman  learned  in  her 
girlhood.  It  was  an  essen¬ 
tial  part  of  her  equipment 
for  life. 

31  From  a  photograph  posed  for  the  Draper  Corporation.  Hopedale,  Mass.;  implements  and 
furnishings  in  the  collection  of  the  Worcester  Society  of  Antiquity 
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FULLING  THE  WOVEN  CLOTH 
Wool  cloth  when  woven  was  harsh  and  stiff,  and  required 
further  handling  to  soften  it.  This  process,  called  “fulling,” 
consisted  of  washing  the  cloth  with  warm  water  and  dis¬ 
solved  soap,  softening  the  surface  by  the  inclusion  of  short 
fibers,  beating  it  with  sticks  or  mallets,  and  lifting  the  nap 
with  teasels.  Dyeing  might  be  a  part  of  the  procedure  also. 
Finally  the  cloth  was  stretched  upon  a  frame  (tenter)  with 

hooks  (tenterhooks) , 
and  left  to  dry. 


A  Fulling  Mill,  from  Oliver  Evans,  The  Young  Mill- 
Wright  and  Miller's  Guide ,  Philadelphia,  1795 


Fulling  was  among 
the  first  of  the  textile 
processes  to  become 
specialized.  The  dia¬ 
gram  shows  an  early 
fulling  mill  run  by  32 
water  power.  The 
water  coming  through  the  spout  (1)  turned  the  water  wheel  (2),  the 
power  thus  generated  operating  the  two  mallets  (3)  attached  to  the 
handles  (4).  The  cloth  was  put  in  a  loose  heap  into  the  hollow  or 
stock  (5)  of  the  stock  post  (6).  The  mallets,  lifted  alternately  by  the 
tappet  arms  (7),  were  guided  by  the  circular  guides  (8)  so  as  to  strike 
the  under  part  of  the  heap  of  cloth,  the  upper  part  continually  falling 
over  and  thereby  turning  and  changing  its  position  under  the  mallet. 
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Leather  Apron,  in  the  collection  of  the 
Pocumtuck  Valley  Memorial  Association 


THE  HOME  MANUFACTURE  OF  LEATHER 
Another  important  product  of  the  household’s  industry  was  leather. 
Hides  were  obtained  from  cattle  and  sheep  and  from  other  animals, 
domestic  and  wild.  Besides  its  use  for  foot  coverings  and  harness, 
leather  entered  more  largely  in  colonial  times  than  now  into  the 
domestic  economy  of  the  household.  Aprons,  shirts,  trousers,  leggings, 
thread,  petticoats,  gloves,  caps,  bedding,  and  even  drinking  vessels 
'  might  be  made  of  leather. 


THE 

SELF-SUFFICIENT 

HOME 

The  home  in  the  early  settle¬ 
ments  was  complete  and  self- 
sufficient.  The  newly  cleared 
land  produced  the  things 
which  the  family  required. 
The  members  of  the  house¬ 
hold  turned  the  raw  prod¬ 
ucts  to  various  uses.  Life 
was  hard  and  the  standard  of 
living  was  low.  But  the  con¬ 
dition  of  sole  dependence 
upon  household  industry  was 
temporary.  It  was  an  inevi¬ 
table  part  of  gaining  a  foot¬ 
hold  in  a  new  environment. 
It  passed  in  the  seaboard 
communities  as  the  frontier 
shifted  westward  toward  the 
interior  of  the  continent. 


From  the  originals  in  the  collection  of  the  Topsfleld  (Mass.)  Historical  Society 


CHAPTER  II 


THE  COMING  OF  THE  ARTISAN 

A  LTHOUGH  household  manufacture  is  merely  a  stage  in  the  progress  of  in- 
l_jL  dustrial  art,  it  has  been  a  long  continued  one  in  American  history  because  the 
£ m.  frontier  was  for  so  many  years  an  integral  part  of  our  economic  organization. 
Wherever  there  have  been  pioneers,  at  Plymouth,  Council  Bluffs,  Albuquerque  or 
Walla  Walla,  there  household  manufacture  has  of  necessity  flourished. 

But  increased  population  and  improved  communication  have  in  nearly  every  frontier 
area  obliterated  more  or  less  completely  all  forms  of  household  manufacture.  The  work 
done  by  men  in  the  home  first  yielded  to  specialists  in  various  crafts  who  settled  in  the 
community.  Doctor,  merchant,  seafaring  folk  of  all  kinds,  tavern  keeper  and  distiller 
of  rum  were  among  the  early  specialists  for  whom  a  developing  village  life  made  room. 
More  slowly  the  tasks  of  women  have  been  lightened  or  changed,  first  by  the  specialized 
artisan,  and  then  by  machinery,  which  is  the  basis  of  the  modern  factory.  Usually  where 
water  power  was  available  the  first  local  mill  to  appear  was  a  sawmill.  This  was  followed 
by  a  gristmill  and  fulling  mill.  It  frequently  happened  that  one  mill  performed  several 
kinds  of  work  at  different  times,  or  several  such  trades  might  be  carried  on  at  once  under 
one  roof.  Tanneries,  distilleries,  breweries,  bleacheries,  dye  plants  and  ropewalks  fol¬ 
lowed  close  upon  the  sawmill. 

In  addition,  many  hand  trades  dependent  upon  skill  but  not  upon  power  were  repre¬ 
sented  by  individuals  who  walked  from  one  homestead  to  another  practicing  the  par¬ 
ticular  craft  possessed.  The  itinerary  of  these  men  followed  a  rough  schedule  so  that  the 
same  man  appeared  at  the  homesteads  season  after  season.  These  visits  were  eagerly 
awaited  by  all  households,  and  prepared  for  in  advance.  With  increasing  population  such 
itinerants  settled  down  in  the  villages  and  hanging  out  a  shingle  cared  for  such  custom 
as  presented  itself. 

The  eighteenth  century  was  the  time  when  the  artisan  firmly  established  himself  in 
the  English  colonies  in  America.  The  sea  trade  and  the  plantation  created  a  small  group 
who  were  moderately  wealthy.  The  commercial  towns  of  the  coast  such  as  Boston  or 
Philadelphia  grew  into  small  cities.  Household  manufacture  was  not  well  adapted  to 
urban  life.  The  artisan  became  a  necessary  part  of  the  increasingly  complex  life  of  the 
time.  Carpenters,  blacksmiths,  tailors,  shoemakers,  hatters,  and  many  more  served 
the  growing  demands  of  the  communities.  The  apprentice  system  of  the  Old  World  was 
transferred  to  the  New.  Benjamin  Franklin,  the  printer,  became  the  most  distinguished 
product  of  this  school.  One  of  the  most  important  of  the  colonial  artisans  was  the  hatter. 
The  making  of  men’s  hats  was  one  of  the  first  industries  to  pass  out  of  the  stage  of  house¬ 
hold  manufacture.  English  hatters,  seeing  their  colonial  market  curtailed  by  an  increas¬ 
ing  number  of  hat  makers  in  America,  sought  to  save  the  situation  for  themselves  by 
restrictive  legislation  on  the  part  of  the  English  government.  But  the  restriction  was 
never  effectively  enforced.  In  other  industries  the  home  government  was  more  successful 
in  the  repression  of  competitive  manufacturing  activities  on  the  part  of  the  colonials. 
Yet,  in  spite  of  all  restrictive  measures,  the  artisans  increased  in  number.  Their  ap¬ 
pearance  marked  one  of  the  first  steps  toward  the  establishment  of  American  economic 
independence. 
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ARTISANS  AND  TRADESMEN  IN 
EIGHTEENTH-CENTURY 
MIDDLETOWN 

The  last  decades  of  the  seventeenth  century 
brought  the  beginnings  of  specialization  and 
division  of  labor  to  the  pioneer  communities  of 
America.  The  plan  of  the  main  street  in  Middle- 
town,  in  the  eighteenth  century,  illustrates  what 
might  have  been  encountered  in  almost  any  con¬ 
temporary  North  American  village.  Craftsmen 
and  tradesmen  had  appeared  and  set  up  their 
shops.  Barbers  and  tavern  keepers  were  the 
natural  outgrowth  of  the  village  environment. 

Some  towns  had  doctors,  as  well  as  apothecary 
shops.  Middletown  lay  on  the  banks  of  the 
Connecticut  River  and  ocean-going  ships  tied  up 
at  its  docks.  Many  shipmasters  lived  in  the  com¬ 
munity  and,  since  New  England  sea  captains  were 
often  engaged  in  the  slave  trade  from  Africa  to  the 
West  Indies  and  the  southern  colonies,  Middle- 
town  was  not  without  its  slave  dealers.  Eighteenth- 
century  Middletown  was  one  step  removed  from 
frontier  conditions  where  every  man  was  a  jack- 

all  anrl  pvpto  fomilv  a  cnflrininrr  unit  35  From  John  Warner  Barber,  Connecticut  Historical  Collections , 

OI -ail- trades  ana  every  iamiiy  a  sen-sumcillg  unit.  New  Haven,  1836,  after  a  plan  by  Joseph  Barrett 


Easter  Wetmore,  Tavern.'^* 

John  Baron,  Partner  and  Constable.. ..-g 

Duncan  Mark  inti  re,  Barber. ... 

On  pi.  Cotton,  Ship  Master.  .. 

Alexander  Kietli,  Rope  Maker.  —  B 


Philip  Mortimer's  7?o/)i»teu/A\=l 
Capt.  Gleason,  Sluve  Dealer.  ••  ■ 

Some  shanties  about  this  cornier. 

W  AS  Hi  \  CJ  TON* 
Col.  Jabez  Hamlin. ...  g 

Joseph  Wright,  Farmer.  -  0 
Jacob  Goodwin,  Seu  Captain.  ---■ 
Geo.  Starr,  Sea  Captain  and  Merchant,  q 

Nathaniel  Shalor . ■ 

Elisha  Brewster,  Tavern  Keeper. . , 

Dr.  Elliott  Rawson . | 

•'OUR  T 

Richard  Hall,  Ship  Master . ■ 

John  Sleeken,  Iron  Works. . j 


Joseph  King,  Silversmith.— 
PARSON  A  G E 
J'l.v,  Tanner  and  Shoe  Muker.~ 

•Stewart,  Farmer. 


John  Ward.. .g 

Ephraim  Fenner,  Tavern. . ■ 

Caleb  Fuller . a 

Timothy  Board  in un,  Joiner. . a 

/ac  Paddock,  Joi tier.. I 

Elisha  Clark,  Trader _ 

Road  to  New  Haven. 


........  Bassett,  Farmer. 

Road  to  Hartford. 

Philip  Mortimer,  Rope  Maker 

■ 

mcnuc  of  button  wood  trees. 

— Sanford  Thompson,  Ship  Muster. 
a — Samuel  Bull,  Merchant. 


I . Wait  Plum,  Joiner. 

I — Bezaleel  Fisk,  Town  Clerk. 

■  -—Capt.  Ward,  Ship  Master. 

STREET. 

■-—Jacob  Sebor,  Merchant. 

|— -James  Cornwall,  Farmer. 

■  -George  Phillips,  Merchant. 

I  —  Giles  Hall,  Ship  Master. 

I— - Col.  Matthew  Talcott,  Merchant  Sp  Farmer. 
_ STREET. 

■—Samuel  Johnson,  Shoe  Maker. 

B— -  Timothy  Bigeloto's  Tavern. 

■  -Joseph  Southraayd,  Farmer. 

M . Richard  Alsop,  Merchant  Sp  Ship  Owner. 

_ STREET. 

1 — Capt.  Doan,  Ship  Master. 

i — Adino  Pomeroy.  Tanner. 
i— .Dr.  Walker,  Slave  Dealer. 

.—Capt.  Thomas  Goodwin. 

■  — William  Soutlimayd,  Saddler. 


Jk  — 


i- — Return  Meigs,  Hatter. 

|...  Deacon  Clark,  Apothecary. 

I — General  Parsons. 


-  Episcopal  Church. 


THE  TRAVELING  SHOEMAKER 

The  artisans  of  colonial  America  did  not  wait  in  their  shops  for  trade  to  come.  Population  was  small  and 
scattered  and  the  roads  were  hard  to  travel.  So  the  early  shoemaker  journeyed  from  household  to  household 
applying  his  art  to  the  leather  tanned  by  the  householder’s  family.  The  simple  tool  kit  offered  no  great 
burden  and  could  be  carried  on  the  shoulder  as  the  artisan  walked  from  one  job  to  the  next.  There  were 
probably  few  homes  in  which  there  was  not  someone  who  was  a  fair  hand  at  shaping  or  repairing  footgear, 
but  farm  work  as  well  as  other  occupations  was  pressing  and  the  services  of  a  specialist  were  highly  welcome. 


36  Box  o  1  Shoemaker's  Tools,  in  the  collection  oi  the  Pocumtuck  Valley  Memorial 

Association 


37  Hammers  and  Thread  Box  of  a  Traveling 
Shoemaker,  in  the  collection  of  the  Pocumtuck 
Valley  Memorial  Association 
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THE  SHOEMAKER  OF 
YESTERDAY 

With  the  growth  of  settlements  or 
weighed  down  by  his  own  advancing 
years,  the  itinerant  shoemaker  retired 
from  the  road  but  continued  to  prac¬ 
tice  his  trade  in  the  village.  Housed 
often  in  a  tiny  shed  and  surrounded 
by  his  tools  within  easy  reach,  the 
shoemaker  shod  the  villagers. 

In  the  mid-nineteenth  century  the 
development  of  shoe  machinery  drove 
most  of  these  handicraftsmen  from 
their  trade,  but  a  few'  still  carry 
the  old  tradition  into  modern  times. 
At  the  left  of  this  “contemporary 
ancestor”  is  a  “clamp,”  his  pot  of 
blacking  and  brush,  heel-shaping  tools, 
a  “last,”  and  on  the  floor  the  wooden 
forms  (“lasts”)  for  making  leather 
boots.  Back  of  him  is  a  lamp  used  for 
light  and  for  heating  tools.  This  is 
one  of  the  two  modern  contrivances  in 
the  place  and  it  dates  from  the  Civil 
War.  The  shelves  hold  various  shoe 
“lasts.”  In  the  right  corner  is  one 
38  From  a  photograph,  In  possession  of  the  author  of  the  first  Sewing  machines  devised 

for  shoemaking,  the  second  “modern”  device  in  the  shop.  At  the  shoemakers  right  is  his  bench  upon 
which  go  all  his  tools.  Part  of  the  bench  is  a  seat  for  the  worker.  This  picture  was  taken  in  1923,  but  except 
for  the  two  devices  noted  it  might  just  as  well  have  been  made  a  century  and  a  half  ago. 


THE  TRAVELING  TINKER 
The  ancient  tinker  himself  was  so  much  a  jack- 
of-all-trades  that  his  name  has  come  to  stand  for 
makeshift  mending  or  patching.  Roving  without 
plan  or  following  a  flexible  itinerary,  the  tinker 
put  to  rights  any  domestic  utensil  made  of  metal. 
With  his  stove,  solder,  soldering  irons,  metal 
scraps  and  all  sorts  of  odds  and  ends  he  put  in 
order  many  articles  that  had  come  to  be  the 
despair  of  the  housewife.  There  was  work  and 
welcome  for  him  at  nearly  every  homestead  on 
his  way.  In  the  early  nineteenth  century,  after 
Waterbury,  Thomaston,  and  New  Haven  had 
flooded  the  country  with  cheap  clocks,  itinerant 
repairmen  known  as  clock  tinkers  joined  the 
fraternity  of  the  highways.  These  traveling 
artisans  made  a  contribution  to  the  social  life 
of  the  folk  they  visited.  They  supped  and  slept 
with  the  families  they  served.  While  at  their 
work  or  seated  before  the  fire  when  it  was  done 
they  passed  on  to  eager  listeners  the  gossip  or 
the  news  they  had  picked  up  in  their  wanderings. 


From  a  photograph  by  Clifton  Johnaon 
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HATTER’S  BLOCK  AND  MALLET  USED  IN  1765 
An  early  craftsman  who  helped  to  lighten  the  household  work,  but 
who  did  not  travel  from  home  to  home,  was  the  hat  maker.  The 

fur  of  rabbits,  beavers, 
and  muskrats  being  plen¬ 
tiful  in  America,  the  de¬ 
mand  for  hats  incessant, 
and  the  rudiments  of  the 
hat  maker’s  art  simple, 
it  was  natural  that  hat 
making  should  be  one  of 
the  first  industries  to 
reach  considerable  pro¬ 
portions  before  the  Revo¬ 
lution. 


RESTRICTION  OF  COLONIAL  HAT  MAKING 
So  proficient  and  diligent,  indeed,  did  American  hatters  become  that 
they  seriously  menaced  the  prosperity  of  their  British  contemporaries ; 
these  therefore  petitioned  and  procured  from  Parliament  restrictive 
ordinances  against  the  colonists  (No.  41).  In  spite  of  restrictions, 
however,  the  colonial  hatters  continued  to  flourish. 


THE  HATTER  AT  WORK 
The  first  step  in  the  hatter’s  task  was  to  form  a  large 
conical  “bat”  of  loose  fur  and  to  wrap  it  in  a  wet 
cloth.  He  then  repeatedly  immersed,  rolled  and  beat  the  “bat”  so  as  to  aid  the  natural  cohesiveness  or 
felting  of  the  fur.  When  sufficiently  felted  the  hat  was  shaped  over  a  block,  hardened  with  shellac  and 
other  substances,  dyed,  ironed,  and  finished.  It  was  then  sold,  perhaps,  to  one  of  the  colonial  gentry.  Cheap 
hats  made  from  wool  were  formed  into  a  “bat”  by  the  aid  of  varnish-like  materials.  Such  less  expensive  head 
coverings  adorned  the  plain  folk  of  the  farms  and  villages.  These  early  hat  makers  were  among  the  first  to 
feel  the  effect  of  the  jealousy  of  the  contemporary  rivals  in  England.  But  despite  restrictive  measures, 

their  trade  thrived. 


Anno  quinto 


Georgii  II.  Regis. 


An  A<2  to  prevent  the  Exportation  of  Hats  out 
of  any  of  His  Majefty’s  Colonies  or  Plantati¬ 
ons  in  America,  and  to  reftrain  the  Number 
of  Apprentices  taken  by  the  Hat-makers  in 
the  faid  Colonies  or  Plantations,  and  for  the 
better  encouraging  the  making  Hats  in  Great 
Britain, 


f tbe  2rt  ano 
rp  of  matins  (rats  in  Great  Bri¬ 
tain  fats  artloen  to  great  per. 
fesfon,  ano  couQDeratile  &uan< 
titles  of  pats  manufaaucro  in 
tbia  Stlnsoom  base  tjcretofoie 
been  crpoitco  to  pis  ipajcllp's 
Plantations  o;  golonlcs  in  A- 
merica,  lobo  batje  Men  totally 
fupplieD  toltb  fats  from  Great 
Britain  ;  an®  tobercas  sreat 
Ouantftles  of  fats  babe  of  late  pears  btm  maoe, 
ano  tbt  falo  ©aiutfiiSute  is  tail?  IncreaQns  in  tbe 
Britifh  plantations  In  America,  on®  is  from  tbencc  er. 
poiteo  to  foitfsn  SSatbrts,  tobteb  toete  betetofoie  tup- 
plica  from  Great  Britain,  an®  tbe  fat-maters  in  tbe 
fain  Plantations  take  manp  apprentices  to?  urtp  fmttll 
Germs,  to  tbt  Diftotiragcment  of  tbt  fain  Scant,  ano 
Btbafins  tbe  falo  ©amifaftutt :  Wbttefojt  foj  pit- 
5  e  Btntins  ^ 

41  The  Act  of  Jan.  13,  1731,  from  the  copy  printed 
at  London,  1732,  In  the  New  York  Public  Library 


40  From  the  collection  of  the  Pocumtuck  Valley 
Memorial  Association 
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THE  CURRIER 

Leather  workers,  too,  were  important  colonial 
craftsmen.  Leather  fresh  from  tanning  is  stiff 
and  brittle,  and  a  currier  had  to  prepare  it 
before  it  could  be  used.  He  immersed  the  raw 
leather  in  various  solutions  that  dyed  it,  and 
filled  its  pores  with  softening  yet  preservative 
substances.  These  were  worked  into  the  leather, 
and  any  wrinkles  were  worked  out  of  it  by 
brushing,  scraping,  and  rolling  with  hand  imple¬ 
ments.  In  modern  practice  the  work  of  the 
currier  is  done  by  machinery  at  the  tannery 
itself;  the  currier’s  laborious  craft,  so  wide¬ 
spread  in  the  eighteenth  century,  has  almost 
disappeared. 


A  HARNESS  MAKER’S  TOOLS 

Much  of  the  leather  that  the  currier  prepared  went  to  the  harness  maker.  Horses  and,  sometimes,  oxen  used 
harness  that  had  to  be  strong  to  withstand  the  heavy  strains  and  the  rude  shock  of  work  on  the  farm  or  in  the 

forest.  Harness  became 
more  and  more  complex, 
and  an  expert  was  required 
for  its  manufacture.  While 
his  craft  was  vastly  differ¬ 
ent,  the  harness  maker’s 
tools,  especially  those  for 
cutting  and  stitching,  dif¬ 
fered  little  from  the  outfit 
of  the  traveling  shoemaker. 
With  these  he  stitched  the 
broad  collars  and  the  tough 
traces  that  hauled  the  load, 
or  with  them  he  shaped  the 
ornaments  on  the  gear  of 
the  coach  horse. 


45  An  Early  Currier,  from  The  Growth  of  Industrial  Art,  Washington,  1892 


46 


From  the  collection  of  the  Pocumtuek  Valley  Memorial  Association 
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47  From  Edward  Hazen,  Popular  Technology,  etc..  New  York,  1843  48  Saddler’s  Sewing  Horse,  in  the  collection 

of  the  Pocumtuck  Valley  Memorial  Asso¬ 
ciation 

THE  SADDLER 

Another  worker  in  leather  was  the  saddler.  He  did  his  work  seated  on  a  “horse,”  with  the  material  in  front 
of  him  clamped  into  a  wooden  vise,  held  taut  by  a  leather  strip  fastened  to  a  stirrup,  or  kept  in  place  by  the 
pressure  of  the  knees.  Like  other  artisans,  he  inherited  his  skill  from  the  trades  of  mediaeval  Europe.  Like 
his  fellow  artisans  also  he  had  a  pride  of  craftsmanship  which  the  workers  of  a  later  machine  civilization 
have  lost.  Nor  did  he  lack  for  business,  for  in  days  when  roads  were  often  little  more  than  traces  through 
the  woods  he  who  would  travel  must  go  on  horseback. 


THE  DISTILLER 


Colonial  America  was  an  age  of  heavy  drinking.  Almost  every  farmer  in  settlements  old  enough  for  apple 
trees  to  have  matured  made,  each  fall,  a  quantity  of  cider.  The  Germans  who  came  in  the  eighteenth  century 
to  the  middle  and  southern  colonies  almost  universally  brewed  beer.  In  Puritan  New  England  sprang  up  the 
important  industry  of  distilling 
rum  from  imported  West  Indian 
molasses.  Rum  was  an  essential 
part  of  the  stores  of  New  England 
ships,  for  ship  captains  doled  equal 
allotments  of  this  beverage  along 
with  sea  biscuits  to  the  crew.  Rum 
was  also  a  most  important  help  to 
the  captain  in  securing  a  hold  full 
of  likely  negroes  on  the  African 
coast.  From  earliest  times  brew¬ 
ing  and  distilling  represented  the 
investment  of  relatively  large 
amounts  of  capital  and  the  em¬ 
ployment  of  many  men.  Brewers 
and  distillers  helped  to  swell  the 
ranks  of  the  artisans.  New  Eng¬ 
land  resentment  was  great  when, 
in  1733,  England  passed  the  Mo¬ 
lasses  Act,  which  sought  to  prevent 
the  colonists  from  trading  with 
the  sugar-producing  West  Indies. 


From  Edward  Hazen,  Popular  Technology ,  etc..  New  York,  1843 
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THE  DYER 

The  stinking  dye  pot  was  one  of  the 
banes  of  the  pioneer  wife,  tolerated  by 
her  because  it  was  necessary.  Gladly 
the  housewife  gave  up  the  nauseating 
task  of  dyeing  to  professional  artisans 
as  soon  as  dyers  appeared.  The  dye- 
house,  dangerous  because  of  its  slippery 
wet  floors  and  sunken  tubs  invisible  in 
heavy  steam  from  the  vats,  and  full  of 
the  odors  of  operation  was  a  building 
to  be  shunned.  Yet  the  dyer’s  skill 
was  great  and  the  demand  for  his  work 
insistent,  so  that  the  craft  was  espe¬ 
cially  well  paid. 


THE  COOPER 

With  fish,  rum  and  whale  oil  as 
exports  and  sugar  or  molasses  as 
imports,  the  commerce  of  the  New 
England  and  Middle  Atlantic  colonies 
created  a  large  demand  for  casks, 
vats,  and  barrels.  Other  commodities 
such  as  shoes,  money,  or  tobacco 
were  also  sent  to  sea  in  the  products 
of  the  cooper’s  trade.  In  all  seaports 
and  a  few  interior  towns  near  the  wood 
supply,  the  cooper  was  an  important 
artisan;  his  shop  was  sought  out  by 
merchants  who  handled  many  differ¬ 
ent  products.  Staves  and  hoops, 
knocked  down  and  bundled,  were  fre¬ 
quently  part  of  the  cargoes  of  out¬ 
going  ships. 
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THE  ROPEMAKER 

Rope,  so  essential  in  ship’s  gear,  was  manufactured 
at  most  colonial  seaports.  “Ropewalks”  were 
sometimes  a  quarter  of  a  mile  long,  the  workman 
weaving  the  strands  together  while  he  walked  slowly 
along.  The  finished  rope  was  wound  on  a  wheel  at 
the  end.  To-day  rope-weaving  machines  for  even  the 
largest  cables  take  up  only  a  relatively  small  space. 

SAWMILL  AND  GRISTMILLS  AT 
NEW  EBENEZER,  GEORGIA, 

ABOUT  1740 

One  of  the  most  important  of  the  crafts  of  the  colonies 
was  that  of  the  miller.  On  countless  streams,  from 
Maine  to  Georgia,  might  be  seen  the  mills  so  essential 
to  the  life  of  the  early  settlements.  The  New 
Ebenezer  mills,  built  on  a  branch  of  the  Savannah 
River,  are  typical.  Two  are  gristmills,  primarily 
intended  for  rice;  the  third,  approached  by  a  bridge,  is  a  sawmill.  The  water  wheel  of  the  sawmill  is  of  crude 
type  operated  by  the  current  striking  against  vanes  on  the  under  side,  and  called  an  “undershot”  wheel.  The 
bridge  leading  to  the  sawmill  was  a  local  necessity  and  not  an  integral  part  of  such  an  enterprise,  and  was 
used  in  this  case  to  convey  large  logs  from  the  high  land  to  the  mill  itself.  The  association  of  gristmills  and 
sawmills  was  a  common  feature  everywhere  in  colonial  America.  Traces  of  such  old  mills  may  still  be  seen 
at  the  bend  of  many  a  creek  and  river. 


53  From  Edward  Hazen,  Popular  Technology,  etc..  New  York,  1843 


54  From  Ulsperger  Tracts,  Augsburg,  ca.  1740,  in  the  John  Carter  Brown  Library,  Providence,  R.  I. 


A  PRIMITIVE 
SAWMILL 
IN  OHIO 

The  sawmill  of  the 
frontier  was  often 
extremely  crude.  Yet 
pioneers  had  so  much  ^ 
work  for  their  hands 
that  any  mechanical 
aid,  regardless  of  its 
crudity,  was  a  bless¬ 
ing  early  sought  and 
eagerly  utilized. 


From  J.  S.  Buckingham,  The  Eastern  and  Western  States  of  America,  London,  1842,  alter  a  drawing  by  W.  H.  Bartlett 
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56  ©  Rau  Studios,  Inc. 

AN  OLD  MILLSTONE 


The  huge  millstone  was  often  hard  to  obtain.  An 
isolated  village  used,  of  course,  whatever  stone  it 
could  get;  but  a  community  on  navigable  water 
brought  desirable  stones  from  relatively  long  distances. 
Some  were  even  procured  from  overseas.  The  Deer¬ 
field  stone  was  quarried  from  Mount  Tom  in  1693  and 
set  up  in  the  mill  at  Mill  River. 


A  PIONEER  GRISTMILL 

Gristmills  were  made  of  logs  or  lumber  and  some¬ 
times  of  brick  or  stone,  according  to  the  materials  at 
hand  and  the  artisans  capable  of  working  them. 
As  a  social  center  the  gristmill  ranked  almost  with 
the  church.  The  miller,  if  he  chose  to  be,  was  a 
powerful  political  figure,  for  to  him  came  many  men 
bringing  the  news  and  gossip  and  the  problems  of 
the  locality.  Just  as  in  manorial  England,  the  miller, 
while  he  neither  sowed  nor  reaped,  frequently  became 
in  colonial  America  the  wealthiest  and  most  influential 
citizen  in  the  community. 


57  From  the  collection  of  the  Pocumtuck  Valley  Memorial  Association 


SAWMILL  AT 
GLENS  FALLS, 
NEW  YORK,  1826 
In  the  course  of  time 
Americans  ventured  be¬ 
yond  the  tiny  rivulets 
from  which  they  derived 
their  first  power  and  boldly 
set  about  the  conquest  of 
larger  streams  with  greater 
power  possibilities.  The 
placing  of  a  sawmill  on 
the  edge  of  Glens  Falls, 
New  York,  called  for  no 
small  degree  of  engineer¬ 
ing  courage.  The  har¬ 
nessing  of  such  a  river 
meant  that  the  phase  of 
industrial  evolution  domi¬ 
nated  by  the  craftsman 
who  worked  with  his 
hands  was  passing  away, 

58  From  J.  Milbert,  Itineraire  PiUoresque  du  Fleuve  Hudson,  etc.,  Paris,  1828-29  merging  into  that  in  which 

natural  forces  drove  the  factory  machines  that,  in  the  nineteenth  century,  steadily  supplanted  the  old-time 
artisan. 
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AN  APPRENTICE’S  INDENTURE,  1715 
The  indenture  of  Chris.  Dixon,  aged  fifteen,  of  Durham, 
England,  who,  being  “destitute  of  friends  and  necessarys,” 
was  sold  as  an  apprentice  and  servant  for  seven  years, 
illustrates  not  only  the  manner  in  which  the  colonies  eked 
out  the  scanty  labor  supply  but  a  way  of  educating  a  boy 
to  a  trade.  Some  of  these  indentured  servants  were  of  good 
family,  but  all  were  in  dire  straits  and  taking  a  desperate 
chance  to  gain  a  fresh  start  in  a  new  country.  Their  lot, 
while  their  indenture  lasted,  was  not  very  different  from  that 
of  slaves  of  the  same  neighborhood,  but  it  involved  no  social 
disgrace  that  could  not  be  lived  down  by  good  behavior 
and  later  success.  Many  of  the  artisans  of  more  or  less  skill 
were  from  this  class.  Often  the  indentured  servant  made 
his  escape  and  found  freedom  and  opportunity  on  the 
frontier.  The  English  system  of  apprenticing  children 
until  they  were  of  age  was  transferred  bodily  to  America. 
Though  liable  to  abuse,  this  system  turned  out  artisans  who 
knew  their  business. 


^  fri  b  theft  Preftvtt/i'Ah  bind,  and  'put  himftlf  an  Apprentice  md  Savant  Ad  tig 
J  AX'  '  •’/  1 '  1  1  •'  * — to  Serve  him,  or  hh  Aftgni  in  the  Plantation  of  (/L  eto 

'/  ' '  *  ~~~~ - beyond  the  Seat,  for  the  Jpace  nf  'f  Tears  next 

i.nfuii ig  the  dniv.il  of  tin  fiid  Servant  in  the  fail  Plantation:  did  doth  hereby  Covenant 
ircll  and  truly  to  fern c  h  t  if  faid  Mafer,  or  hit  Lawful  Aftignr  in  the  laid  Plantation ,  /or, 
aid  dining  the  faid  Term,  according  to  the  Laws  aid  Cvftcms  of  the  fiid  Plantation:  did 
doth  farther  Declare  ouf  Cyu  inant.  That  ha  the  faid  Servant  at  the  Time  of  the  Enfealiug 

it  oflhc  Ageof,//_  //cc<  x  -  —  - Tears  a  fugle  Perfon,  and  no  Covenant  or 

Controlled  Servant  to  any  t'other  Perftn,  or  Perfont.  And  the  faid  Mafer  for  bimftlf,  hit 
Executors,  aid  Ajfgns,  %tl  COnflttCttUtOll  thereof \  doth  hereby  Covenant,  Promife , 
nml  Agree,  to,  and  with  his  faid  Servant ,  that  he  the  faid  Mafer,  or  his  djfgns,  full 
and  will  at  his,  or  their  own  proper  Cofls  and  Charges,  with  what  convenient  Jpeed  they 
in, iy  Carry  and  Convey,  or  caufe  to  be  Carry  d  and  Convey’d  over  unto  the  faid  Plantation, 
lit  Jaid  Servant,  and  from  henceforth,  and  during  the  fiid  Voyage,  and  alfo  during  the  faid 
T  tm,  and  at  the  aid  thereof,  full,  and  will  at  the  like  Cofs  and  Charger,  provide  for,  and 
iiliw  his  faid  Servant  all  necef.ny  Clothes,  Meat,  Drink,  Wafting,  Lodging ,  and  all  other 
Aecejfariet,  fit  and  convenient  fur  bust,  -  according  to  the  Cuftcm  of  the  fiid  Plantation 
oi:d  m  other  Servants  in  fuel  Cafes  are  tfuclly  Provided  for ,  and  Allow'd, 

Jn  £<nf  turfs  whereof,  the  fsid  Parties  have,  to  theft:  prefent  Indentures,  inter- 
chant  ally  Jet  their  Hand  and  Seats  the  Day  and  Tear  above- written. 


Sealed  and  Delivered 
in  the  Pi  eft  nee  if 


nu  ci 


r 


ytfA 

*■ 


'flpXfc  ate  to  Ctftifif^uk  Abo 

the  Day  and  Tear^above-wiittcu,  and  decl 


f'P 

Above-named  (  Vt 


Co) 

7.  'At, 


Day  and  lear'above-wkittfii,  and  decl.rred  hi  i  '-*ftf  to  be  a  B%lcrPerftn,  endr.o 

Controlled  Servant  to  any  Per  fan  or  Perfm,  to  be  of  the  ,4ge  of  n-i  /I<ci  -v-  _ 

: -  Tears,  and  to  be  defivus  to  Jervethe  Abovc-vanied  *■'  «V<  •  t  >  / _ 


defrosts  tofcrvetl 

- - Tears,  according  to  the  Tenor  of  the  Indenture  Above- 

the  Office  Jvr  that  purpoft  appointed,  Ij  Letters  Patterns. 


mitten,  ell  which  it  Regifred  ... _ _  „...  y.„  _ _ r~r-j -  . 

lx  H  it  ref i  srbcrc.j,  I  have  hereunto  AJi.xcd  the  Cimmcn  Seal  rf  the  Jaid  Oficc, 
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From  an  original  Indenture  in  the  Hingham  Historical 
Society 


THE  COUNTRY  PEDLAR 
As  the  eighteenth  century  drew  to  a  close,  more  and  more 
artisans  sold  the  products  of  their  handiwork  to  pedlars  who 
vended  them  in  the  country  districts.  These  pedlars  per¬ 
sisted  into  the  day  of  the  early  factories.  This  first  national 
distributing  system  was  largely  responsible  for  the  early  and 
continued  preeminence  of  southern  New  England  in  the 
manufacture  of  “Yankee  notions,”  a  term  applied  to  a 
myriad  of  small  articles  made  from  metal  or  wood.  The  Connecticut  Yankee,  bareboned  and  shrewd,  was  the 
first  colonial  pedlar.  On  his  own  back,  afoot  or  on  horseback,  or  atop  cleverly  designed  wagons  full  of  ingenious 

compartments,  he  carried  his  wares 
into  the  remotest  regions.  With  his 
stock  of  tinware,  brassware,  watches, 
clocks,  pins,  woodenware,  brooms, 
baskets,  “ribbons  and  laces  to  set  off 
the  faces  of  pretty  young  sweethearts 
and  wives,”  it  is  no  wonder  that  the 
pedlar’s  visits  were  occasions  of  excite¬ 
ment,  long  awaited  and  never  to  be 
forgotten.  Novelties  from  the  city, 
necessities,  and  news  arrived  at  the 
homestead  door  together. 


60  From  Harper’s  Weekly,  June  20,  1868,  after  a  drawing  by  C.  G.  Bush 

A  RELIC  OF  THE  PAST 

The  scissors  grinder  and  umbrella  mender  whose  clanging  bell  still 

sounds  on  city  streets  is  a  type  of  early  itinerant  craftsman  who  has  61  From  cries  of  New  York,  New  York,  isos, 

,  ...  . ,  ,  .  T  . i  , ,  ,  woodcut  by  Alexander  Anderson 

not  disappeared  with  the  changing  years.  Like  the  crumbling  dams 

and  ancient  water  wheels  along  the  streams  he  represents  a  stage  of  industrial  progress  which  has  forever  passed. 


CHAPTER  III 


THE  RISE  OF  THE  FACTORY  SYSTEM 


THE  evolution  from  the  self-sustaining  English  manor,  or  in  America  the  equally 
self-sustaining  southern  plantation  and  northern  farm,  is  marked  by  several 
stages.  First  came  the  village,  in  both  England  and  America;  its  streets,  in 
addition  to  such  part  of  the  farming  or  seafaring  population  as  might  be  settled  there, 
were  bordered  by  the  homes  of  artisans  or  specialists  such  as  the  merchant,  the  tavern 
keeper  and  the  apothecary.  Although  in  each  home  much  general  work  was  carried  on, 
each  tended  more  and  more  to  specialize  in  a  particular  product.  Another  stage  was 
reached  when  to  the  gristmill,  most  ancient  of  factories,  were  added  tanneries,  fulling 
mills,  and  the  like,  supplementing  the  home  industries.  Slater’s  spinning  factories  mark 
a  further  step;  here  the  machines  spun  yarn  which  was  woven  into  cloth  in  the  homes. 
This  stage  still  persists  to-day  in  some  regions  in  the  hat,  button,  and  garment  trades. 
Finally  the  present  stage  became  general,  in  which  the  home  becomes  merely  a  place  to 
eat  and  sleep,  and  the  huge  factory  each  morning  whistles  its  long  line  of  workers  to  their 
tasks  and  disgorges  them  again  at  evening.  The  sprawling  squalid  factory  town  of  the 
nineteenth  century  had  lost  much  of  an  earlier  dignity  and  beauty,  which  the  twentieth 
century  has  in  places  striven  to  restore. 

The  factory  system  originated  in  England,  the  product  of  the  Industrial  Revolution. 
Its  transfer  to  America  was  slow.  Americans  were  too  much  absorbed  in  agriculture  and 
the  sea  trade  to  be  able  to  shift  quickly  to  manufacturing.  A  number  of  other  factors 
held  them  back.  In  1807,  however,  occurred  an  event  of  prime  importance  for  the 
establishment  of  factories  in  the  United  States.  England  and  France  were  fighting  a 
titanic  struggle.  The  merchant  marine  of  both  had  suffered  from  the  conflict  while  that 
of  neutral  America  had  reaped  large  profits.  In  1807  each  belligerent  sought  to  prevent 
the  other  from  being  served  by  the  ships  of  the  United  States.  A  series  of  Orders  in  Coun¬ 
cil  by  the  British  government  and  Decrees  by  Napoleon  struck  a  heavy  blow  at  American 
trade  with  Europe.  President  Jefferson  determined  to  retaliate. 

In  spite  of  the  opposition  of  the  shipping  interests  of  the  nation  Jefferson  secured  the 
passage,  in  1807,  of  the  famous  Embargo  Act.  In  accordance  with  the  provisions  of  this 
measure  American  ships,  with  certain  specified  exceptions,  were  tied  up  at  American 
wharves.  Jefferson  sought  to  bring  England  and  France  to  terms  by  economic  pressure. 
In  this  he  failed,  and  suffered  the  humiliation  just  before  he  retired  from  the  presidency 
of  signing  the  repeal  of  the  measure  from  which  he  had  hoped  so  much.  The  embargo 
brought  great  losses  to  the  merchant  marine.  Three  years  after  its  repeal  the  nation, 
under  the  leadership  of  President  Madison,  embarked  upon  the  War  of  1812.  For  eight 
years,  from  the  establishment  of  the  embargo  to  the  Treaty  of  Ghent  in  1815,  America 
was  isolated  more  or  less  completely  from  English  manufacture.  During  this  period, 
when  manufacturing  became  a  patriotic  duty,  the  factory  became  established  in  the 
United  States.  Many  of  these  first  enterprises,  to  be  sure,  failed  when  foreigners  dumped 
their  goods  here  after  the  war,  but  enough  remained  to  start  our  industrial  career. 
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A  FIRST  STEP  TOWARD 
THE  FACTORY  SYSTEM 
The  distinguishing  marks  that  set 
off  the  factory  from  household  manu¬ 
facture  are  the  separation  of  the 
worker  from  the  ownership  of  tools 
or  means  of  production,  the  collec¬ 
tion  of  many  workers  under  one  roof, 
the  development  of  machinery,  and 
the  application  of  power. 

In  the  eighteenth  century,  decades 
before  machinery  was  perfected  or 
mechanical  power  substituted  for 
muscle,  more  than  one  enterprising 
person  both  in  Britain  and  America 
saw  the  advantage  of  collecting  in 
one  place  many  workers  of  a  like 
kind.  This  form  of  production 
brought  savings  in  time  and  material 
since  both  workmen  and  products,  raw  and  finished,  were  constantly  under  the  eye  of  the  owner.  An  increased 
output,  too,  was  developed  by  the  stimulation  of  competition  among  rival  workmen  and  the  exhortations  of 
the  overseer,  and  finally,  savings  were  made  by  means  of  subdivision  and  specialization  of  work.  In  addition 
to  these  general  incentives  toward  concentration  of  manufacture  particular  trades  found  further  advantages 
in  the  scheme.  Thus  whitesmiths  working  with  precious  metals  could  ill  afford  individually  the  expense  of 
purchasing  their  own  raw  material,  and  turned  to  the  capitalist,  who  purchased  the  metal  and  sold  the 

products.  To  protect  himself  against  theft  or  loss  the  capitalist 
gathered  the  smiths  together  in  one  building  where  they  and  the 
valuable  stuffs  they  used  could  be  easily  supervised.  Likewise 
the  weight  and  expense  of  knitting  frames  or  looms  tended  to 
concentrate  the  workers  at  knitting  and  weaving.  From  condi¬ 
tions  of  this  sort  arose  the  first  approaches  toward  the  factory 
system. 

THE  FLYING  SHUTTLE 

The  factory  system  is  a  British  rather  than  an  American  innova¬ 
tion.  It  appeared  first  in  the  British  textile  industry  and  with 
astounding  speed  transformed  the  organization  of  that  trade.  For 
centuries  social  classes,  living  conditions,  craft  practices  and  wages 
had  been  held  closely  within  the  bounds  of  traditional  customs; 
then  swiftly,  within  fifty  years,  the  new  system  burst  through  the 
shackles  of  the  old  and  became  dominant.  This  change  was 
begun  by  a  series  of  English  inventions  for  cotton  manufacture, 
and  is  called  by  historians  the  “Industrial  Revolution.” 

John  Kay,  in  1733,  invented  the  flying  shuttle,  which,  by  means 
of  two  cords,  alternately  pulled  and  threw  the  shuttle  bearing  the 
weft  back  and  forth  across  the  warp  threads.  This  was  not  only 
faster  than  the  old  method  of  passing  the  shuttle  by  hand,  but 
in  the  case  of  broadcloths  it  displaced  one  man,  where  previously 
two  had  been  required,  one  at  each  side  of  the  loom,  to  pass  the 
shuttle  to  and  fro.  The  threat  of  being  thrown  out  of  work  by 
this  device  caused  Kay’s  neighbors  to  invade  his  house,  break 
his  machine,  and  put  his  life  in  jeopardy. 

Figure  1  shows  the  lathe  used  when  the  shuttle  was  thrown  by 
hand.  2  is  the  shuttle  invented  by  Kay.  3  is  Kay’s  lathe  on 

63  From  Richard  Guest,  a  Compendious  History  which  the  shuttle  (a)  was  passed  from  left  to  right  by  means  of  cords. 
of  the  Cotton  Manufacture,  Manchester  (Eng.),  182d  \  /  r  °  J 


62  From  the  series  Industry  and  Idleness,  drawn  and  engraved  by  William  Hogarth 
(1697-1764).  reengraved  by  T.  Cook 
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HARGREAVES’ 
SPINNING  JENNY, 
1770 

James  Hargreaves,  poor 
and  untutored,  by  turns  a 
spinner,  weaver,  and  car¬ 
penter,  is  generally  credited 
with  giving  the  first  im¬ 
portant  impulse  to  the  wave 
of  textile  inventions  that 
revolutionized  Great  Britain 
in  the  latter  half  of  the 
eighteenth  century. 

Hargreaves’  principal  con¬ 
tribution  to  textile  art  was 
a  spinning  machine  which 
spun  eight  threads  at  once. 
The  origin  of  this  mecha¬ 
nism  is  shrouded  in  legend. 
It  is  said  that  Hargreaves 
startled  his  wife  (some  say 
his  small  daughter) ,  causing 
her  to  upset  her  spinning 
wheel,  which  continued  to 
whirl  horizontally  with  its 
spindle  in  a  vertical  posi¬ 
tion.  This  gave  Hargreaves 
the  idea  of  a  machine  containing  multiple  spindles  actuated  by  one  wheel.  On  making  the  machine,  so  the 
story  goes,  he  called  it  a  “Jenny”  after  his  wife  (or  daughter).  The  machine  was  patented  in  1770,  although 
invented  some  years  earlier. 

Spinning  jennies  with  thirty  or  more  spindles 
operating  at  once  came  into  use  despite  the  fierce 
opposition  of  hand  spinners.  From  the  national  point 
of  view,  multiple  spinning  was  a  great  boon  because 
cloth  production,  a  mainstay  of  British  commerce, 
had  been  checked  by  the  lack  of  yarn,  one  weaver 
keeping  a  dozen  spinners  fully  occupied. 

SIR  RICHARD  ARKWRIGHT,  1732-92, 

FATHER  OF  THE  FACTORY  SYSTEM 
Richard  Arkwright,  one  of  thirteen  children, 
starting  in  trade  as  a  barber  at  Bolton,  England, 
contributed  more  than  any  other  one  man  to  the 
establishment  of  the  factory  system  by  his  many 
inventions  and  improvements  in  textile  machinery. 

Unlike  many  inventors  Arkwright  was  able  to  ac¬ 
cumulate  a  fortune  worth  some  two  million  dollars, 
a  vast  sum  for  the  eighteenth  century,  by  becoming  a 
manufacturer  and  using  his  own  inventions.  In 
recognition  of  his  services  to  his  country,  and  regard¬ 
less  of  the  fact  that  he  could  hardly  read  or  write,  he 
was  knighted  by  his  king  in  1786.  When  he  died,  in 
1792,  he  had  a  castle,  built  by  his  orders  at  Willersby, 

England,  nearly  ready  for  his  occupancy. 


65  From  the  portrait  by  Joseph  Wright  of  Derby  (1734-97)  In  the 
National  Portrait  Gallery,  London 
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67  Samuel  Crompton  (1753-1827)  from  the  portrait,  68  Crompton's  Mule,  from  the  working  model  in  the  Chadwick  Museum, 

about  1802,  by  Charles  Allingham  in  the  Hall-in-  Bolton 

the-Wood  Museum,  Bolton,  England 

THE  SPINNING  MULE 

Brought  up  by  a  shrewish  mother  and  an  invalid  uncle  under  conditions  of  comparative  poverty,  Samuel 
Crompton  was  forced  to  labor  at  spinning  from  earliest  childhood.  Desiring  the  leisure  for  study  and  music 
not  allowed  by  the  demands  of  his  task,  Crompton  turned  his  thoughts  to  the  improvement  of  the  spinning 
mechanism.  For  five  years  (1774-79)  he  experimented  at  night  after  the  close  of  the  day’s  work  to  discover 
a  better  method  of  spinning.  The  successful  result  was  the  “mule,”  one  of  the  three  most  significant  textile 
inventions.  Having  no  aptitude  for  business  affairs,  Crompton  realized  little  pecuniary  reward  from  his 
device,  a  story  too  true  of  many  other  inventions. 

Hargreaves’  jenny  was  useful  in  spinning  soft  weft  yarns,  Arkwright’s  water-frame  produced  excellent 
hard  warp  yarns,  but  neither  was  able  to  turn  out  the  finest  yarns  useful  for  either  warp  or  weft.  Crompton’s 
invention  combined  the  features  of  the  two  machines  of  his  predecessors,  one  of  them  the  jenny,  hence  the 
Crompton  device  was  called  a  “  mule.”  Since  it  spun  the  finest  of  yarns  it  was  also  named  “  the  muslin  wheel.” 
Before  Crompton,  the  finest  fabrics  were  made  with  a  warp  yarn  spun  by  East  Indians  or  with  fine  linen  yarn. 
The  mule  produced  fine  cotton  warps  and  gave  Britain  at  once  the  leadership  in  the  production  of  fine  goods. 


ARKWRIGHT’S  SPINNING  FRAME,  1769 
Arkwright’s  first  of  many  inventions  was  his  spinning  machine, 
patented  in  1769.  Lewis  Paul,  John  Wyatt,  and  Thomas  High 
had  failed  in  the  attempt  to  draw  (stretch)  and  spin  cotton  by 
means  of  successive  rollers  each  operated  at  an  increasing  speed. 
Warned  by  their  mistakes,  or  by  his  own  native  genius  avoiding 
them,  Arkwright  produced  a  successful  spinner  operating  on 
the  roller  principle.  Protecting  it  with  a  patent  (later  annulled) , 
he  set  up  the  first  cotton  mill  in  the  world  at  Nottingham. 
The  power  was  furnished  by  horses;  but  in  another  mill  built 
in  1771,  at  Cromford,  Arkwright  used  water  power  to  turn  his 
spinners.  These  latter  spinners  were  improvements  over  the 
first  and  became  known  as  “Arkwright’s  water-frames.” 

Eventually  Arkwright  perfected  a  whole  series  of  cotton 
machines,  comprising  a  carding  machine  for  laying  the  fibers 
parallel,  a  roving  machine  for  combining  the  fibers  into  a  rope 
and  stretching  them,  and  a  drawing  frame  that  continued  the 
operation  of  the  roving  machine.  These  machines  precede  the 
spinner  in  the  actual  order  of  operations  in  yarn  manufacture, 
although  they  were  invented  after  it. 


66  From  the  original  In  the  South  Kensington 
Museum,  London 
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CARTWRIGHT’S  LOOM,  1785 
The  deficiency  in  yarn  that  had  long  retarded  British 
textile  production  having  been  more  than  made  up  by  the 
inventions  of  Hargreaves,  Arkwright  #jid  Crompton,  the 
scale  began  to  turn  against  weaving.  For  the  first  time 
the  old  hand  loom  was  unable  to  keep  pace  with  the  out¬ 
put  of  yarn.  Men’s  thoughts  therefore  turned  to  a  power 
loom. 

Edmund  Cartwright,  minister  in  the  Church  of  England, 
although  knowing  very  little  of  mechanics  and  never 
having  seen  a  loom  at  work,  was  nevertheless  the  successful 
inventor  in  1785  of  a  loom  operated  by  mechanical  power. 
This  loom  he  gradually  brought  to  a  high  state  of  perfec¬ 
tion.  In  recognition  of  its  value  Parliament  voted  him  a 
gift  of  £10,000  sterling  in  1809,  with  which  he  bought  an 
estate,  turned  gen¬ 
tleman  farmer, 
and  applied  his 
genius  to  inventing 
agricultural  tools. 


70  From  John  C.  Cobden,  Sufferings  of  the  English 
Poor,  or  The  White  Slaves  of  England.  Auburn, 
N.  Y.,  1853 


EARLY  ENGLISH  FACTORY  CONDITIONS 
When  the  cotton  factory  was  introduced  into  England,  British  labor 
was  at  the  lowest  ebb  of  its  fortunes.  Country  labor  had  been 
thrown  off  the  farms  by  the  enclosures  first  for  sheep  farming  and 
later  for  more  scientific  agriculture.  The  factory  system  itself  took 
away  the  employment  of  domestic  artisans  and  destroyed  what  little 
remained  of  the  craft  guild  system.  With  all  their  refuges  and 
customary  aids  —  such  as  the  use  of  the  commons  —  done  away, 
and  with  the  law  or  custom  favoring  the  support  of  labor  by  charity, 
a  goodly  proportion  of  British  labor  were  living  as  paupers.  Crime 
and  immorality  were  rife.  This  should  be  borne  in  mind  in  order  to 
get  a  proper  perspective  upon  the  conditions  of  labor  in  the  early 
British  mills.  Almshouses  were  made  to  give  up  their  children  to  the  factories,  crowds  of  people  were  huddled 
into  living  quarters  unprepared  for  such  hordes,  sanitation  and  humanity  were  ignored,  immorality 

taken  for  granted.  In  the  mill  .long  hours  prevailed, 
working  conditions  were  deplorable,  and  harsh  treat¬ 
ment  was  customary.  Wages  were  at  the  barest  sub¬ 
sistence  level.  There  is  no  darker  blot  in  British  history 
than  the  treatment  of  labor  both  inside  and  outside  of 
the  mills  at  the  opening  of  the  nineteenth  century. 

ADVERTISEMENT  OF  A  WEAVER,  1766 
In  America,  meanwhile,  the  transition  from  home 
industry  to  the  factory  system  was  likewise  going  on. 
Energetic  capitalists  were  collecting  spinners  and 
weavers  into  one  building  and  offering  the  products 
of  their  labor  to  the  public.  The  Stamp  Act  (1765) 
and  the  Townshend  tax  measures  (1767)  were  met 
by  a  boycott  of  English  goods.  The  necessity  for 
home  production  hastened  the  tendency  toward  con¬ 
centration.  Daniel  Mause,  hosier,  one  of  these  early 
American  manufacturers,  went  into  business  soon  after 
the  passage  of  the  Stamp  Act. 


,U  _A  N  *  L  M  A  V  S  E,  Hcfier,"' 
At  Sign  of  the  Hawd-ix-Ham»  Stocking  Mnoufalto ry,  oa 
ihe  Weft  Side  ot  SeconJ-ft:«et,  between  R«c«  and  Vine-Brwta, 
takti  thii  Method  of  informing  ihe  Public,  ^ 

TH  A  T  he  has  lately  creffed  a  Number  of  Loom,  for 
the  manuUtfufing  of  Thie»d  and  Cotton  Stockinet,  and 
other  K.nJe  of  Hofiery,  of  my  Sia«  or  Quality, hcpin* 
ths  good  People  of  this  end  the  neighbouring  Provinces,  will  so* 
court, e  this  his  Undertaking,  at  a  Time  when  AMERICA 
calls  for  the  Ende»vouri  of  her  SONSi  and  aa  the  Gaodoafi  of 
the  P  ENN  S  Y  L  V  A  N  l  A  MADE  S  T  OC  KINO  S  la  fa 
v»«JI  known,  and  fo  uoiTeifiHy  efteemed,  faid  MAUSE  will  work 
up  THREAD.  COTTON,  WORSTED,  YARN,  he, 
iq  the  befl  Marv  er  for  the  Country,  Ocntlcmtn,  or  others,  who 
may  be  pleafed  to  employ  him,  for  a  moderate  Satiafadloa. 
He  givei  the  belt  Pricea  for  T  H  R  E  A  D.  COTTON* 
WORSTED  and  Y  A  R  N,  of  tha  Produce  end  Maftnfc£ttr« 
of  A. M  E*  }  C  A  ‘  ■’'E*  T*te  ahove  P&fon  from  his  Experience, 
end  Travrli  in  Qneft  of  Improvement,  with  latent  of  eftabliOiin* 
a  rtfpeOiblc  Mangfo«ory  in  PHILADELPHIA,  prefuroe, 
to  offer  hu  Services  at  ebove,  fteadily  determined  x»  Work  well, 
end  at  the  moft  ret  foe  a  Me  Rates,  , 

N.  B.  The  Stocking!  made  at  the  aferefaid  MasufeAerv.  are 
to  be  fold  them,  and  by  THOMAS  BOND,  jaa.  and  Com. 
pany,  at  their  Store}  where  Orders  will  be  received,  end  dole 
executed. _ $  6  W. _  1 
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From  the  Pennsylvania  Gazette,  Philadelphia,  May  1.  1766 
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From  a  silhouette  in  the  possession  of  William 
Henry  Wetherill,  Philadelphia 


SAMUEL  WETHERILL,  1736-1816,  PIONEER  AMERICAN 
TEXTILE  MANUFACTURER 

Although  America  was  not  blind  to  the  industrial  revolution  which 
was  occurring  in  England  as  a  result  of  the  efforts  of  a  barber,  a  vio¬ 
linist,  a  minister,  and  a  tutor,  British  law  forbade  the  exportation  of 
the  new  machines,  any  parts  of  them,  or  even  plans.  English  artisans 
skilled  in  the  use  of  the  mechanisms  were  denied  the  privilege  of 
emigration.  America,  too,  was  well-nigh  bankrupt  as  a  result  of  the 
Revolution.  Its  scanty  capital  was  tied  up  in  farming  and  commerce, 
overwhelmingly  the  occupations  of  the  people.  It  was  not  until 
commerce  was  temporarily  stopped  by  the  Embargo  Act  of  1807, 
the  Non-Intercourse  Act  of  1809  and  particularly  by  the  War  of  1812, 
that  the  factory  system  already  begun  in  America  had  a  real  chance  to 
start  on  the  road  of  development  which  England  had  long  followed. 
One  of  the  pioneers  of  this  movement  was  Samuel  Wetherill,  Jr.,  a 
far-sighted  Quaker  merchant  of  Philadelphia,  who,  together  with  a 
number  of  other  merchants,  founded  in  1775  “The  United  Company 
of  Philadelphia  for  promoting  American  Manufactures.”  This  com¬ 
pany  set  up  in  the  same  year  a  factory  in  a  house  at  the  corner  of 
Ninth  and  Market  Streets,  Philadelphia.  In  this  factory  was  an 
adaptation  of  the  Hargreaves  jenny.  The  project  was  abandoned 
when  the  British  captured  the  city  in  1777. 


THE  MINUTE  BOOK  OF  THE  UNITED 
COMPANY  OF  PHILADELPHIA 
The  records  of  the  United  Company  were  carefully 
kept,  and  during  the  first  months  were  systematically 
written  by  Samuel  Wetherill  himself.  The  minute 
book  with  the  record  in  his  own  handwriting  still 
exists.  The  page  shown  is  taken  from  the  minute 
book,  under  dates  of  October  28  — November  2,  1775. 
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73  From  the  original  In  the  possession  of  William  Henry  Wetherill, 
Philadelphia 

THE  FIRST  KNOWN  AMERICAN 
SPINNING  JENNY 

The  jenny  used  by  Samuel  Wetherill  in  his  factory  had 
been  constructed  by  Christopher  Tully  and  was 
exhibited  in  Philadelphia  in  1775.  This  machine  is 
said  to  have  been  the  first  to  be  made  in  America 
from  a  model  of  Hargreaves’  invention.  An  engraving  of  the  machine  was  published  in  the  Pennsylvania 
Magazine  about  the  time  Wetherill  took  it  over.  It  must  be  added  that  the  Tully  jenny  was  not  successful, 
and  that  Wetherill  had  to  depend  on  the  old,  tried  methods  of  making  cloth. 


From  the  Pennsylvania  Magazine,  Philadelphia,  1775,  after  an 
engraving  by  Christopher  Tully 
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EXPANSION  OF  THE  WETHERILL  ENTERPRISE 


After  the  War  of  Independence,  Samuel  Wetherill  continued  the  manufacture  of  textiles,  as  shown  by  an 
advertisement  of  his  goods  printed  in  1782.  The  label  which  he  used  shows  the  old  hand  spinning  wheel.  In 
1787  the  Society  for  the  Encouragement  of  the  Useful  Arts  was  formed  in  Philadelphia,  an  outgrowth  of  the 
United  Company  and  of  the  Wetherill  enterprise.  Among  its  most  influential  members,  in  addition  to 
Wetherill  himself,  was  Tench  Coxe.  The  society  took  over  the  house  of  the  old  United  Company  and  set 
up  its  first  loom  in  1788.  This  enterprise  contests  with  the  Beverly  experiment  for  the  honor  of  being 


Several  publick-fphited  gentlemen  in 
Beverly  have  procured  a  complete  fet  of 
machines  for  carding  and  spinning 
cotton— with  which  an  experiment  was 
made,  a  fey/  days  ago,  which  anfwered  the 
warmelt  wifhes  of  the  proprietors.  The 
fpinning  jenny  fpins  6o  threads  at  a  time  ; 
and  with  the  carding  machine, '401b.  of 

cotton  can  be  well  carded  in  a  day - 

The  warping  machine,  and  the  other 
tools  and  machinery  (part  of  which 
go  by  water)  are  all  complete— per¬ 
form  their  various  operations  to  great  ad¬ 
vantage,  and  promil'e  much  benefit  to  the 
publick,  and  emolument  to  the  patriotick 
adventurers. 

It  is  with  pleafure  we  haye  fo  frequent 
occafions  to  take  notice  of  the  progr-efs- 
of  Arts  and  Manufadlures  in  our  country  : 
The  genius  of  the  Americans  for  invention 
and  execution,  in  thefe  refpe&s,  together 
with  their  perieverance  in  agriculture,  and 
enterprife  in  commerce,  will  doubtlefs,  ere 
long,  if  not  checked  by  the  want  of  a  wife 
federal  government,  raife  them  to  a  ref- 
peftable  ftation  in  the  fcale  of  emp'«  ?. 

77  From  tlie  Salem  Mercury,  April  22,  1788 


the  first  textile  factory  in  America. 


Philadelphia  Manufacture, 

Suitable  for  every  SEASON  of  the  YEAR,  *1*. 

Jeans,  fustians,  everlastings,  coatings. 

Ate.  to  b«  fold  by  the  ftibfcriber,  at  hi*  dwelling-h<’ufe  and 
minufiflory,  in  South-alley,  between  Market  ftieet  and  Arch’- 
flreet,  and  between  Fifth  and  Sixth -(been,  on  Hu<  £»«’•  fquan. 
_ S _ SAMUEL  WETHERILL. 

76  Advertisement  of  the  Wetherill  Factory,  from  the  Pennsylvania  Gazette. 

April  3,  1782 

THE  BEVERLY  MANUFACTORY,  1788 
Meanwhile  the  Legislature  of  Massachusetts  was  lending 
encouragement  in  the  form  of  money  allowances  to  Robert 
and  Alexander  Barr  and  Thomas  Somers,  three  Scotchmen  who 
claimed  a  knowledge  of  cotton  manufacture.  As  a  result  of 
their  labors  the  state  acquired  models  of  textile  machines,  and 
a  venture  was  made  at  Beverly  in  actual  manufacturing.  The 
Beverly  plant  was  the  first  cotton  mill  in  New  England  and 
disputes  national  priority  with  the  Philadelphia  enterprise. 

A  newspaper  notice  of  the  Beverly  mill  (No.  77)  was  pub¬ 
lished  by  the  Salem  Mercury  on  April  22,  1788.  The  uncer¬ 
tain  years  following  the  Revolution  and  before  the  framing  of 
the  constitution  made  difficult  the  establishment  of  factories. 
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WASHINGTON  VISITS 
THE  BEVERLY  MILL, 

1789 

The  Beverly  mill,  built 
within  100  feet  of  the 
Beverly  Tavern,  was  fin¬ 
ished  early  in  1789.  The 
Salem  Mercury  described 
it  as  “a  plain  three  story 
building  of  brick,  measur¬ 
ing  about  sixty  by  twenty- 
five  feet  with  a  pitching 
shingled  roof,  and  a  deep 
basement  in  one  end  of 
which  moved  a  heavy  pair 
of  horses  to  furnish  rotary 
power.”  Separated  from 
the  mill  itself  but  adjoin¬ 
ing  it  was  a  small  wooden  dyehouse.  In  1789,  President  Washington  on  his  way  to  Portsmouth,  while  on  his 
tour  of  New  England,  stopped  at  Beverly  and  made  an  inspection  of  the  mill.  Meeting  with  continued  hard¬ 
ships  the  enterprise  at  Beverly  was  discontinued  in  1807  and  the  mill  itself  was  destroyed  by  fire  in  1828. 

SAMUEL  SLATER,  1768-1835,  FATHER  OF  THE  AMERICAN  FACTORY  SYSTEM 
The  Beverly  and  Philadelphia  enterprises  were  merely  experiments.  The  actual  introduction  of  the  factory 
system  into  this  country  was  made  by  Samuel  Slater.  Born  in  Derbyshire,  England,  in  1768,  Slater  learned 
cotton  manufacture  as  an  apprentice  to  his  father’s  friend,  Jedediah  Strutt,  a  partner  of  Arkwright.  Inspired 
by  accounts  of  the  efforts  of  Americans  to  acquire  the  textile  machines  and  realizing  the  fortune  and  honor 
that  awaited  the  successful  originator  of  cotton  manufacture  in  that  country,  Slater  diligently  applied  himself 
to  master  every  detail  of  manufacture.  To  escape  the  vigilance  of  the  English  authorities  Slater  embarked  for 

America  secretly,  and  without  models  or  drawings 
of  machinery,  landing  at  New  York,  November, 
1789.  It  was  his  intention  to  go  to  Philadel¬ 
phia  to  claim  the  bounty  offered  by  Pennsyl¬ 
vania  for  cotton  manufacturing  mechanisms. 
Philadelphia  having  ignored  his  appeals  for  a 
trial,  he  fortunately  met  while  in  New  York  a 
ship  captain,  who  told  him  of  the  interest  being 
manifested  in  New  England  in  cotton  manufac¬ 
ture,  and  especially  of  the  practical  curiosity  of 
a  Quaker  merchant  named  Moses  Brown.  After 
corresponding  with  Brown,  Slater  moved  to 
Pawtucket,  Rhode  Island,  where  with  Brown’s 
financial  backing  he  equipped  a  mill  with  a  full 
set  of  Arkwright  machinery,  constructed  from 
memory  and  set  up  in  a  building  formerly  used 
as  a  fulling  mill.  The  machinery  was  set  in 
operation  on  December  20,  1790.  This  proved 
to  be  the  first  successful  venture  of  its  kind  in 
America,  and  Slater  is  now  honored  as  the  father 
of  American  cotton  manufacture.  By  a  curious 
coincidence  the  founding  of  the  first  successful 
factory  and  the  establishment  of  the  national 
government  under  the  Constitution  were  prac¬ 
tically  synchronous. 
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80  From  the  New  England  Magazine,  1887,  after  an 
engraving,  1836,  by  Pollock 


THE  OLD  SLATER  MILL,  1793 
Ezekiel  Carpenter’s  fulling  mill  proving  in¬ 
adequate  for  Slater’s  output,  he  and  his  associ¬ 
ates  built  a  new  mill  in  1793,  forty  feet  long, 
twenty-six  feet  wide,  of  two  stories  and  an 
attic.  For  over  a  century  the  “old  Slater 
Mill”  resounded  to  the  whir  and  clatter  of 
textile  machinery,  and  in  its  vicinity  has  grown 
up  one  of  the  greatest  cotton  mill  centers  of  the 
world. 


MOSES  BROWN,  1738-1836 
Moses  Brown,  who  backed  Slater,  was  a  member  of  a 
merchant  firm  of  three  brothers  at  Providence,  Rhode  Island. 
When  Moses  was  thirty-six  years  old  he  became  a  Quaker 
and  immediately  freed  all  his  slaves.  From  that  time  he 
combined  success  in  business  with  philanthropy.  He  was 
one  of  the  founders  of  the  New  England  Friends’  School  of 
Portsmouth,  N.  H.,  and  with  his  brothers  endowed  Rhode 
Island  College,  now  Brown  University. 

Brown’s  interest  in  everything  that  might  prove  beneficial 
to  the  public  had  led  him  to  encourage  cotton  manufacture 
before  the  arrival  of  Slater  in  America,  and  he  eagerly  fell 
in  with  the  latter’s  proposals. 


81  From  the  drawing  by  H.  L.  Spencer  from  description  by  his  grandfather, 
in  the  possession  of  Mrs.  H.  L.  Spencer,  Bristol,  R.  I. 


THE  INTERIOR  OF  SLATER’S  MILL  OF  1790 


George  S.  White,  in  his  Memoir  of  Samuel  Slater,  published  a  plate  which  he  declared  “represents  the 
machinery  which  Slater  erected  and  operated  in  the  old  fulling  mill  at  Pawtucket.”  It  is  doubtful  whether 

White  ever  saw  the  actual 
machinery,  and  he  probably 
copied  his  view  from  con¬ 
temporary  English  models. 

At  the  left  is  a  carding 
machine  and  beyond  it  a 
drawing  frame.  At  the  right 
is  a  spinning  machine.  Slater 
had  difficulties  in  making  the 
machines  in  America.  There 
were  few  mechanics,  and 
such  as  there  were  had  little 
skill.  Slater,  himself,  was 
compelled  to  mark  out  the 
pattern  of  every  single  piece. 
Making  intricate  machines 
from  memory  under  such  cir¬ 
cumstances  was  a  remark¬ 
able  feat. 


From  George  S.  White,  Memoir  of  Samuel  Slater,  Philadelphia,  1836 
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FIRST  COTTON  CARDING  MACHINE 
BUILT  BY  SLATER 

Slater’s  cotton  carder  was  built  after  the  English 
design.  It  was  intended  to  be  used  for  the  purpose  of 
arranging  loose  cotton  from  the  bale  in  an  orderly 
manner,  pulling  the  fibers  until  they  lay  parallel  with 
one  another.  Slater  made  this  machine  without 
drawings  or  any  other  aid  except  his  memory. 


SLATER’S  SPINNING  FRAME,  1790 
Slater  likewise  built  his  spinning  frame  from  his 
memory  of  Arkwright’s  machinery  in  England. 
Mathematical  calculations  for  speeds  and  feeds, 
necessary  to  make  this  machine  run  properly,  almost 
ended  in  failure;  but  after  disappointments  he  finally 
achieved  a  workable  mechanism  and  started  America 
upon  its  destiny  as  a  manufacturing  nation.  In  this 


83  From  the  original  In  the  United  States  National  Museum, 
Washington 


mill  was  made  the  first  successful  attempt  in  the  country  to  manufacture  machine-made  cotton  cloth.  (For 
Eli  Whitney’s  invention  of  the  cotton  gin,  1794,  see  Volume  III,  143.) 


84  From  the  original  In  the  United  States  National  Museum 


PAWTUCKET  FALLS 
AND  MILLS,  1812 
Within  three  years  after 
the  erection  of  Slater’s  mill, 
ten  other  mills  were  wholly 
or  partially  completed  in 
Rhode  Island  and  before 
1808  fifteen  mills  had  been 
started.  The  census  of  1810 
lists  109  cotton  mills  in 
New  England,  three  quar¬ 
ters  of  which  were  in  the 
Pawtucket  and  the  Black- 
stone  River  valleys. 


38 


THE  PAGEANT  OF  AMERICA 


SLATER  MILLS  AT  WEBSTER,  MASSACHUSETTS 
Slater  himself  erected  a  number  of  mills  in  addition  to  the  one  at  Pawtucket.  The  town  of  Webster,  Mass., 
was  founded  by  Slater,  who  in  1812  erected  the  first  cotton  mill  there,  seen  at  the  left  of  the  engraving.  The 
home  of  Slater,  with  its  four  chimneys,  is  in  the  center  of  the  engraving.  Slater  spent  the  latter  part  of  his 
life  in  this  village,  and  died  there  April  21,  1835. 


THE  ATTEMPT  TO  ESTABLISH  COTTON  MANUFACTURES  IN  NEW  JERSEY 
N ew  England  was  not  permitted  to  keep  to  herself  the  improvements  in  cotton  manufacture.  Small  mills 
were  erected  and  operated  in  New  York,  New  Jersey  and  Pennsylvania. 

Notable  among  these  projects  outside  of  New  England  was  the  attempt  to  establish  cotton  manufacture  in 
Paterson,  N.  J.  Alexander  Hamilton  conceived  a  plan  to  make  use  of  the  water  power  of  the  Passaic  River, 

and  organized  a  society  for  that  purpose. 

Although  a  dam  was  built,  the  city  of 
Paterson  laid  out  and  cotton  mills  erected, 
the  city  never  became  important  in  the 
cotton  industry.  Iron  manufacture,  and 
later  the  silk  industry,  were  destined  to  be 
the  source  of  Paterson’s  prosperity. 
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87  Certificate,  dated  Jan.  13,  1792,  issued  to  subscriber  to  the  “Society  for  Establishing 
Useful  Manufactures”  in  New  Jersey,  from  original  In  the  New  York  Public  Library 

INTRODUCTION  OF  THE  POWER  LOOM 
Slater’s  ventures  in  New  England  and  all  those  that  imitated 
him  were  spinning  mills  alone.  The  yarn  they  made  was  still 
woven  in  the  home  on  hand  looms.  The  first  complete  cotton 
mill  in  America  was  the  result  of  the  foresight,  persistence,  and 
mechanical  ability  of  Francis  Cabot  Lowell,  a  Boston  merchant. 
It  is  to  him  that  America  owes  the  power  loom.  He  died  at  the 
height  of  the  attempt  of  British  manufacturers  to  destroy  the 
new  factories  in  America  by  dumpifig  goods  without  regard  to 
price  upon  the  markets  of  the  United  States. 


88  From  a  silhouette  of  Francis  Cabot  Lowell,  1775-1817. 
In  the  possession  of  Sidney  Coolidge,  Concord,  Mass. 
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THE  FIRST  COMPLETE 
AMERICAN  TEXTILE 
FACTORY,  1813 
Lowell,  traveling  abroad  for  his 
health  in  1811,  became  impressed 
with  the  importance  of  textile 
manufacture,  and  determined  that 
America  should  have  her  own 
place  in  the  industry.  He  visited 
the  mills  at  Manchester,  and 
stored  his  mind  with  all  the  latest 
improvements  in  machinery. 

On  his  return  in  1813,  he  in¬ 
terested  his  brother-in-law,  Patrick 
Tracy  Jackson,  a  merchant,  in 
his  scheme,  and  together  they  organized  the  Boston  Manufacturing  Company,  called  locally  the  Waltham 
Company,  to  manufacture  cotton  yarn  and  cloth.  Lowell  not  only  redevised  the  essential  spinning  ma¬ 
chinery  but,  most  important,  reinvented  in  1814  a  power  loom,  the  first  in  America.  The  Waltham  Company 
of  W  altham,  Massachusetts,  was  the  first  in  the  world  to  arrange  all  the  processes  for  the  conversion  of  cotton 
into  cloth  by  means  of  power  machinery  within  the  walls  of  one  building.  The  mill  is  still  operated  as  part 
of  the  property  of  the  Boston  Manufacturing  Company. 


89  From  a  photograph  of  the  painting,  about  1820,  location  unknown,  courtesy  of  the  Boston 

Manufacturing  Company 


PATRICK  TRACY  JACKSON,  1780-1847 
Patrick  Tract  Jackson  came  of  a  prominent  Massachusetts  family. 
His  father  had  been  a  leader  in  colonial  politics,  and  was  a  member  of 
the  Provincial  Congress  of  1775,  and  served  as  treasurer  of  Massa¬ 
chusetts  and  of  Harvard  University.  After  finishing  school,  young 
Jackson  was  apprenticed  to  a  Newburyport  merchant,  later  setting 
up  for  himself  in  the  India  trade,  in  which  he  soon  amassed  a  fortune. 
He  was  one  of  the  financial  backers  of  his  brother-in-law,  Francis  C. 
Lowell,  in  the  latter’s  ventures  at  Waltham.  Jackson,  too,  had  a 
share  in  the  enterprises  at  the  city  of  Lowell,  at  Concord,  New  Hamp¬ 
shire,  and  other  places  where  Boston  merchants  had  made  investments. 
Financial  disaster  overtook  Jackson  in  the  business  depression  of  1837. 


90  From  Hunt's  Merchants  Magazine,  1848,  alter 
an  engraving  by  J.  Cheney,  ol  the  portrait  by 
G.  P.  A.  Healy 


THE  CITY  OF  LOWELL 

IN  1825 

Outgrowing  the  power  resources 
at  Waltham  the  proprietors  of  the 
Boston  Manufacturing  Company 
employed  Kirk  Boott,  an  English 
trained  Bostonian,  to  secure  a 
better  site  for  their  enterprises. 

Boott  purchased  the  property 
and  adjacent  farm  lands  of  the  Pawtucket  Locks  and  Canals  Company,  which  had  unsuccessfully  attempted 
to  canalize  the  Merrimac  River  at  Pawtucket  Falls. 

The  Boston  capitalists  reorganized  this  company  and  improved  its  hydraulic  property.  They  also  organized 
the  Merrimac  Manufacturing  Company,  which  secured  from  the  Waltham  Company  the  latter  s  patents. 
With  power  and  machinery  in  their  hands  the  capitalists  set  about  building  a  cotton  mill,  a  mill  for  making 
textile  machinery,  and  the  houses  and  other  equipment  for  a  town,  to  which  the  name  of  Lowell  was  given  in 
honor  of  Francis  Cabot  Lowell,  who  had  died  before  the  plans  were  consummated. 

On  the  left  are  the  mills  of  the  Merrimac  Company.  At  the  right,  the  large  white  house  is  the  home  of 
Kirk  Boott,  the  manager  of  the  Lowell  mills. 


91  From  the  painting,  1825,  by  Benjamin  Mather  In  the  possession  of  the  Hamilton 

Manufacturing  Company,  Boston 
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The  Lowell  project  was 
an  immediate  success. 
Large  profits  were  made 
on  the  original  cost  of  the 
land,  and  further  profits 
were  secured  by  the  con¬ 
struction  of  mills  and  the 
sale  of  water  privileges. 
Themanufactureof  cotton 
and  of  cotton  machinery 
proved  equally  fortunate. 
So  rapidly  did  the  town 
advance  that  in  1836  it 
was  made  a  city,  and  was 
soon  in  population  the 

second  city  in  Massachusetts.  The  business  depression  of  1837,  which  prostrated  industry  generally  in  the 
United  States,  was  a  severe  blow,  but  eventually  the  town  recovered  and  has  retained  to  the  present  an 
important  place  in  American  manufacturing. 


From  John  Warner  Barber,  Historical  Collections  of  Massachusetts,  Worcester,  1839 


LOWELL  IN  1839 


A  PUBLICATION  OF  THE  LOWELL  FACTORY  GIRLS 
Samuel  Slater,  trained  in  the  English  mills,  introduced  the  British  system  of  labor  into  the  cotton  manu¬ 
facturing  industry  in  America.  Naturally  his  example  was  followed,  particularly  in  New  York  and  New 
Jersey.  The  deplorable  conditions  common  in  the  British  mills  were 
in  a  fair  way  to  be  transplanted  to  the  American,  without  the  excuse 
of  accompanying  social  revolutions  which  somewhat  mitigated  the 
blame,  even  if  it  did  not  justify  the  actions,  of  the  English  mill  opera¬ 
tors.  Fortunately,  the  success  of  Lowell  with  a  different  labor  policy 
prevented  the  Slater  system  of  labor  from  taking  deep  root  in  the 
United  States. 

A  goodly  measure  of  the  success  of  Lowell  was  due  to  the  labor 
policy  of  its  founders.  So  carefully  were  the  girls  safeguarded  and 

so  rigidly  were  young  children 
excluded  that  Lowell  became 
the  model  mill  town  of  the 
world.  The  Lowell  Offering,  a 
paper  written,  edited  and  pub¬ 
lished  by  the  girls  employed 
in  the  Lowell  mills,  is  evidence 
of  the  high  quality  of  the 
operatives  that  were  attracted 
by  the  unusually  favorable  con¬ 
ditions  that  prevailed  there. 


^  *««  «C“ND  FACro«v  ClSt 


vviikd:;  ...  Jw-ciuU. 
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Title-page  of  the  issue  of  Jan.  1844 


94  Title-page  of  the  original,  1848,  in  the 
possession  of  the  publishers 


A  PJ2AN  TO  THE  FACTORY  GIRL 
The  American  factory  girl  in  the  early  days  at  Lowell  belonged  to  the 
same  type  that  now  fills  the  ranks  of  the  school  teachers  or  stenog¬ 
raphers.  Most  of  the  girls  came  from  old  American  stock,  and  many 
of  them  in  time  became  the  wives  of  community  leaders  and  the  mothers 
of  men  and  women  who  now  stand  at  the  forefront  of  American  affairs. 
The  ballad  of  the  New  England  Factory  Girl  was  widely  popular  in  the 
middle  of  the  last  century. 


the  rise  of  the  factory  system 
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PARK  OF  THE  BOOTT  COTTON  MILLS,  LOWELL 
Among  the  newer  factories  immediately  following  the  Merrimac  Company  were  the  Hamilton  Manufacturing 
Company,  organized  in  1825  and  the  Boott  Mills  in  1835.  The  latter  illustrated  the  labor  policy  of  Lowell, 
for  the  mills  were  erected  around  a  park 
designed  for  the  recreation  and  pleasure 
of  the  mill  “help.” 

MANUFACTURING  VILLAGES, 

NINETEENTH  CENTURY 
Following  the  successes  at  Pawtucket, 

Waltham  and  Lowell,  dozens  of  other 
places  with  water  power  at  command 
inaugurated  textile  manufacture.  Fac¬ 
tories  were  built  after  the  familiar  models 
of  the  time.  Labor  was  drawn  from  the 
surrounding  country  districts  or  perhaps 
from  the  village  itself.  The  traveler 
among  these  factory  towns  found  them 
strikingly  similar  in  appearance.  A  view 

»  .  ,  .  ,  .  ,  „  96  Cotton  Factory  Village,  Glastonbury,  Conn.,  from  John  Warner  Barber. 

OI  one  might  easily  be  taken  lor  another.  Connecticut  Historical  Collections ,  New  Haven,  1836 


97  Southeast  View  ol  Mills  Village,  Salisbury,  Mass.,  from  John  Warner  Barber,  Historical  Collections  of  Massachusetts, 

Worcester,  1839 


CHAPTER  IV 


HARNESSING  THE  FORCES  OF  NATURE 

MANKIND  has  always  endeavored  to  mitigate  the  injunction  that  man  should 
live  by  the  sweat  of  his  brow.  One  of  the  marks  of  progress  is  man  s  continual 
release  from  the  most  arduous  toil  by  bending  other  forces  to  accomplish  this 
work.  Human  muscle,  the  first  source  of  power,  was  only  relieved  and  augmented  when 
men  turned  to  the  muscles  of  beasts.  But  the  muscle  power  of  any  animal,  man  included, 
is  a  puny  thing  compared  to  the  gigantic  forces  in  nature.  Winds,  tides,  falling  water, 
are  all  manifestations  of  power.  It  has  been  man’s  task  to  harness  these  forces  so  as  to 
supersede  and  multiply  the  power  of  muscle,  freeing  men  from  the  most  difficult  work, 
and  gaining  results  impossible  from  muscle  alone. 

Centuries  ago  the  wind  was  harnessed.  Men  spread  sails  on  ships  and  compelled  the 
air  current  to  do  their  work.  This  utilization  of  natural  energy  finally  made  possible  the 
discovery  of  America.  It  was  the  sailing  ship  which  enabled  European  nations  to  estab¬ 
lish  colonies  on  the  new  continent.  But  sailing  ships  were  not  adapted  to  upstream  traf¬ 
fic  on  American  rivers.  The  wind  brought  European  civilization  to  the  edge  of  North 
America  but  could  not  carry  it  into  the  interior. 

After  taking  advantage  of  the  wind,  men  utilized  the  power  of  falling  water.  Much 
of  the  early  factory  development  in  both  England  and  America  was  dependent  upon  the 
power  supplied  by  the  water  wheel.  This  energy  ran  the  machines  which  marked  the 
beginning  of  the  end  of  the  age  of  handicrafts.  In  hilly  New  England  are  many  streams 
whose  courses  have  frequent  falls  and  rapids.  The  same  is  true  of  the  Middle  Atlantic 
states.  Farther  south  a  widening  coastal  plain  makes  impossible  the  development  of 
water  power  near  the  shore.  On  the  New  England  streams  occurred  the  first  important 
utilization  of  natural  power  in  America. 

Water  power  was  one  of  several  factors  that  contributed  to  make  New  England  the 
locality  in  which  the  factory  system  got  its  start  in  the  United  States.  The  soil  is  inferior 
on  many  of  the  stony  hillsides  of  Connecticut,  Rhode  Island  and  Massachusetts.  In  the 
opening  decades  of  the  nineteenth  century,  when  the  factory  system  was  appearing  in 
America,  much  of  this  land  had  been  tilled  for  more  than  a  century  and  a  half  and  was 
showing  unmistakable  signs  of  deterioration.  Some  farmers  were  moving  away  in  that 
expansion  of  New  England  which  carried  its  people  west  into  New  York  state  and  the 
Ohio  valley.  Others  welcomed  the  new  factory  as  a  place  where  their  children  and  their 
grown-up  daughters  might  aid  materially  in  swelling  the  family  income.  New  England 
possessed  water  power  ample  for  the  needs  of  the  early  factories  and  had  besides  a  supply 
of  labor  of  the  highest  skill. 

But  New  England  claimed  one  further  advantage.  There  since  early  times  had 
flourished  the  sea  trade.  The  streets  of  such  coast  towns  as  New  Haven,  Providence, 
and  Boston  were  dotted  with  the  homes  of  sea  captains.  These  sea  captains  and  the 
merchants  with  whom  they  were  associated  made  the  first  important  accumulations  of 
fluid  capital  that  the  United  States  had  seen.  During  the  troubled  years  from  Jeffer¬ 
son’s  Embargo  of  1807  to  the  close  of  the  War  of  1812,  much  of  this  capital  was  driven  out 
of  the  trading  enterprises  where  it  had  long  been  invested.  Under  the  circumstances  it 
was  set  to  work  building  and  running  factories  intended  to  supply  the  American  market. 
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MAN’S  EARLIEST 
POWER  AIDS 
The  earliest  power  aids 
used  by  men  were  the  lever, 
the  inclined  plane  and  the 
roller.  The  picture  shows 
all  three  of  these  in  use  at 
once,  but  each  was  an 
individual  application  of 
power  and  each  has  had  its 
own  historical  develop¬ 
ment.  The  lever  is  per¬ 
haps  the  oldest.  By  means 
of  a  pole  balanced  over 
a  block,  a  man’s  weight 
could  move  or  raise  what  98  From  an  exhlbit  ln  tbe  Unlted  States  NatlonaI  Mu3eum 

his  muscle  alone  could  not  budge.  By  means  of  the  inclined  plane,  great  weights  could  be  moved  to  heights  or 
depths  impossible  of  attainment  otherwise.  The  roller  was  a  round  log  which  reduced  labor  by  removing 
some  of  the  friction  occasioned  in  moving  a  weight.  These  three  devices  were  known  to  men  at  the  dawn  of 
history  and  adaptations  of  them  are  essential  features  of  many  modern  mechanical  contrivances. 


A  WINDLASS  FOR  LOWERING  AND  RAISING  WEIGHTS 


The  windlass  (No.  99)  is  nearly  as  ancient  as  the  lever,  inclined  plane  and  roller.  The  windlass  enables  a  small 
expenditure  of  effort  to  hold,  lower,  raise  or  move  great  weights.  Perhaps  the  idea  originated  in  passing 
a  rope  around  a  tree  so  that  a  single  man  could  snub  and  control  a  plunging  animal.  Substitute  a  roller 

for  the  tree  and  a  weight  for  the  animal  and  the 
essentials  of  the  windlass  appear.  With  the  aid  of  a 
crude  windlass  a  pony  can  move  a  great  house,  or  a 
small  group  of  men  can  warp  a  ship.  The  ancient 
windlass  still  plays  an  important  role  in  the  modern 
age  of  the  highly  developed  machine. 


99  From  Georg  Agricola,  De  re  metallica ,  Basle,  1556 


A  TREADMILL  FOR  PUMPING  WATER 
FROM  A  MINE 

The  treadmill  (No.  100)  was  an  adaptation  and 

amplification  of  the  turn-post  idea.  Power  was  pro- 

.  -|  i  i  •  ,  ..ljx  100  From  Georg  Agricola,  De  re  metallica,  Basle,  1556 

duced  by  men  continuously  climbing  steps  attached  to 

a  wheel  or  cylinder.  The  treadmill  has  long  served  as  a  symbol  of  endless  and  fruitless  effort.  Yet  in  its  day  the 
treadmill  furnished  power  useful  for  many  purposes  where  other  sources  of  power  were  unknown  or  unavailable. 
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101  The  Turner,  from  Edward  Hazen,  Poptdar  Technology,  etc..  New  York,  1843 


A  CRAFTSMAN’S  SHOP 
OPERATED  BY  HAND  POWER 
An  advance  beyond  the  treadmill  and  the 
turn  post  was  the  transfer  of  the  motion  of 
a  wheel  to  a  shaft  by  means  of  a  rope  or 
belt.  In  the  turner’s  shop  the  block  of 
wood  was  fastened  at  the  ends  and  then 
whirled  round  against  the  edged  tools  of 
the  artisan  who  thus  gave  them  the  desired 
shape.  Two  familiar  devices  aided  in  this 
work.  From  a  wheel  operated  by  a  hand 
crank  a  rope  or  belt  carried  the  motion  to 
an  overhead  movable  shaft.  From  the 
shaft  another  rope  or  belt  conveyed  the 
motion  to  the  object  on  which  the  turner 
worked.  Under  the  bench  may  be  seen  a 
wheel  moved  by  a  foot  treadle.  The  wheel 
in  turn  moved  a  shaft  from  which  the 
motion  was  carried  by  ropes  or  belts 
upward  to  an  object  on  the  bench. 


THE  UTILIZATION  OF 
ANIMAL  POWER 
The  turnpost  and  the  treadmill 
were  early  adapted  to  operation 
by  horse  power.  The  picture 
shows  a  sixteenth-century  scene, 
but  the  machinery  of  Slater’s 
first  American  cotton  mill  was  for 
a  time  set  in  motion  by  a  man 
and  later  by  a  horse  attached  to  a 
turning  post.  Likewise  at  South- 
bridge,  Mass.,  the  diminutive 
shop  that  has  since  grown  to  be 
the  American  Optical  Company 
was  at  times  in  its  first  years 
furnished  with  power  by  a  lusty 
negro  tied  to  a  turning  post,  who 
was  later  relieved  by  a  horse. 
These  are  by  no  means  isolated 
examples  in  comparatively  re¬ 
cent  times. 

The  treadmill  was  destined 
to  have  a  long  and  honorable  his¬ 
tory  in  the  development  of  Amer¬ 
ican  machinery.  It  was  tried 
as  a  motive  power  for  boats  and 
railroads.  In  the  early  nine¬ 
teenth  century  its  use  became 
widespread  among  the  farmers 
as  a  source  of  power  for  thresh¬ 
ing  grain. 
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THE  NANTUCKET  WINDMILL 
The  Nantucket  mill  (No.  104),  built  in  1746  and  still  in  existence,  was 
a  target  for  a  British  man-of-war  during  the  Revolution,  and  by  1828 
was  in  such  disrepair  that  it  was  sold  for  firewood  for  the  sum  of 
twenty  dollars.  But  the  new  owner,  discovering  that  its  solid  oak 
frame  was  in  good  condition,  restored  the  entire  structure  and  again 
set  the  mill  to  grinding  grain. 


INTERIOR  WHEEL  AND  SHAFT,  NANTUCKET  MILL 

Inside  the  revolving  top  of  the  Nantucket  windmill  (No.  105),  on  the 
same  horizontal  shaft 


104 


Redrawn  from  a  photograph. 
©  H.  S.  Wyer,  Nantucket 


to  which  the  vanes 
were  attached,  was 
a  heavy  wooden  wheel  (A)  with  pegs  on  its  face.  These 
pegs  engaged  with  the  lattice  drum  (B)  around  the  main 
shaft  (D).  The  shaft  led  down  through  the  floor  and 
conveyed  the  motion  of  the  vanes  to  the  millstones  below. 

Around  the  heavy  wheel  of  the  vane  shaft  was  a  wooden 
strap  (C)  which  could  be  tightened  to  brake  the  movement 
of  the  vanes,  or,  in  the  case  of  a  gale  or  emergency  repairs, 
to  halt  it  altogether.  This  strap  looked  and  acted  much 
like  the  modern  brake  bands  on  the  wheels  of  automobiles. 


106  From  Harper's  Weekly,  Aug.  16,  1879,  alter  a  drawing  by 

Wendell  Macy 


105  From  Harper's  Weekly,  Aug.  16,  1879,  alter  a 
drawing  by  Wendell  Macy 

HOPPER  OF  THE  NANTUCKET 
MILL 

On  the  floor  below  (No.  106),  the  shaft  (D) 
turned  through  the  central  portion  of  the 
hopper.  The  hopper  was  merely  a  device  for 
feeding  the  grain  to  the  millstones.  The  grain 
was  poured  into  the  hopper  and  from  it  was  led 
by  a  spout  to  the  millstones  on  the  floor  below. 


HARNESSING  THE  WIND 
Among  the  first  machines  used  in 
America  for  the  production  of  me¬ 
chanical  power  was  the  windmill. 
The  huge  vanes  covered  with  sail¬ 
cloth  revolved  in  the  wind.  The 
whole  top  of  the  building  could  be 
moved  as  the  wTind  shifted,  by  means 
of  a  long  spar  attached  to  a  cart 
wheel.  To  move  the  spar  the  miller 
had  to  augment  his  strength  with  a 
small  capstan  and  tackle. 
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GRINDING  THE  GRAIN  AT  THE 
WINDMILL 

On  the  first  or  lowest  floor  were  the  mill¬ 
stones.  The  miller  wi%  one  hand  on  the 
lever  regulated  the  position  of  the  upper  mill¬ 
stone  and  thereby  determined  the  coarseness 
or  fineness  of  the  meal  he  produced.  To  the 
left  is  the  spout  for  feeding  the  finished  meal 
into  bags  or  barrels. 
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From  Harper’s  Weekly,  Aug.  16,  1879,  after  a  drawing 
by  Wendell  Macy 


A  PRIMITIVE  “POUNDING  MILL” 
Water  power  was  also  early  put  to  work  to 
relieve  men’s  muscles  and  add  to  muscular 
productivity.  One  of  these  primitive  uses  of 
water  power  was  a  “pounding  mill,”  a  me¬ 
chanical  adaptation  of  the  mortar  and  pestle 
for  grinding  grain.  A  pole  was  supported 
across  a  notched  stick  and  was  made  to  move  in  a  single  plane  by  a  simple  device.  At  one  end  of  the  pole  was 
a  weighted  mallet  which,  descending  into  a  hollowed  log,  cracked  and  ground  the  grain.  At  the  other  end  o 
the  pole  was  a  tight  box  into  which  water 
flowed  until  its  weight  raised  the  mallet.  As 
soon  as  the  pole  moved  downward  under  the 
burden  of  the  water-filled  box  the  latter  tipped 
and  spilled  the  contents,  which  caused  the  mallet 
to  thud  downward  into  the  log  and  do  its  work 
upon  the  grain.  With  a  slow  rhythm  the  corn 
in  the  crude  mortar  was  ground  into  meal. 

This  crude  device,  the  result  of  the  ingenuity 
of  a  backwoodsman  who  lived  apparently  far 
from  a  mill,  illustrates  an  important  character¬ 
istic  of  early  Americans.  They  were  an  inven¬ 
tive  people  and,  in  the  first  half  of  the  nineteenth 
century,  the  term,  “  Yankee  inventiveness,” 
resulted  from  the  wide  variety  of  contrivances 
which  they  developed. 
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From  Tennessee,  the  Volunteer  State,  1769-1922,  courtesy  ol  the 
S.  J.  Clarke  Publishing  Co. 


A  FAMOUS  ENGLISH 
FLOAT  WHEEL 
One  of  the  most  famous  ex¬ 
periments  with  water  as  a 
source  of  power  was  the  set 
of  wheels  built  at  London 
Bridge.  The  wheels  were 
crude  paddles  that  dipped 
into  the  current  of  the 
Thames  River.  The  force  of 
the  current  striking  against 
the  paddles  caused  the  wheels 
to  revolve.  This  sort  of 
power  producer  was  known 
as  a  float  wheel.  The  power 
here  made  available  was  em¬ 
ployed  in  pumping  water  from 
the  Thames  River. 


From  William  Matthews,  Hydraulia,  London,  1835 
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OLD  FLOAT  WHEEL 
AT  SPRINGFIELD, 
LONG  ISLAND 
The  float  wheel  eventually 
was  arranged  to  turn  a  shaft 
in  grist,  saw  or  fulling  mills. 
It  was  the  simplest  form  of 
water-power  utilization  be¬ 
cause  it  required  no  expensive 
building  of  dams  or  other 
devices  in  coimection  with 
conducting  the  water  to  the 
wheel.  The  force  of  the 
natural  current  alone  did 
the  wTork. 


Jlum  me  ml  Journal,  jmbw  xorK,  1870,  alter  the  painting  by  Charles  Henry  Miller  (1842-1922) 


FLOAT  WHEEL  AT  THE 
FIRST  GRISTMILL  AND  SAW¬ 
MILL  IN  OHIO,  1789 
The  grist  and  sawmill  at  Wolf 
Creek,  the  first  in  Ohio,  was  supplied 
with  power  by  an  adapted  float  wheel. 
Its  wrought-iron  crank,  weighing  a 
hundred  and  eighty  pounds,  made  in 
New  Haven,  Connecticut,  had  to  be 
carried  over  the  Alleghenies  on  a  pack 
horse  to  the  Youghiogheny  River  and 
thence  by  boat  to  Marietta  on  the 
Ohio.  In  the  face  of  such  difficulties  it 
is  no  wonder  that  crude  power  devices 
were  the  rule  when  white  men  first 
settled  new  American  territories. 


Ill  From  The  American  Pioneer,  Chilllcothe,  Ohio.  March,  1843 


112  From  The  Art  Journal,  New  York,  1879,  alter  the  painting  by  Jasper  F.  Cropsey  (1832-1900) 


AN  OLD  MILL  WITH  OVERSHOT  WHEEL 

In  a  more  efficient  type  of  wheel  the  water  is  directed  overhead  and  by  its  own  weight  as  it  falls  turns  the 
wheel  round.  This  is  known  as  the  overshot  wheel.  In  order  to  get  the  necessary  force  and  height  of  water, 
dams  were  placed  across  the  stream. 
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OVERSHOT  WHEEL 
AT  THE  WINTHROP 
MILL,  NEW  LONDON 
An  overshot  water  wheel 
calls  for  certain  subsidi¬ 
ary  equipment.  The  water 
must  be  gathered  behind 
a  dam  above  the  mill  and 
led  on  to  the  wheel  by  a 
wooden  trough  or  pipe 
known  as  the  “flume”  or 
“penstock.”  The  water 
pouring  dowm  from  the 
flume  upon  the  vanes  of 
the  wheel  causes  them  to 
revolve.  The  old  town 
mill  at  New  London  was 
built  in  1690  by  Governor 
John  Winthrop.  It  still 
grinds  grain  into  flour. 
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X13  ©  Halliday  Historic  Photograph  Co. 


TIDAL  MILL  AT  STROUDWATER,  MAINE 

In  low  regions  along  the  coast  where  streams  had  insufficient  drop  for  water  power,  men  sometimes  utilized 
the  difference  in  the  height  of  tidal  basins  or  streams  at  high  and  low  tide.  At  high  tide  the  water  was  im¬ 
pounded  behind  a  dam  and  upon  being  released  at  low  tide  gave  the  effect  of  a  waterfall.  The  economic 
deficiency  in  this  form  of  water-power  utilization  was  the  intermittency  in  the  power  possibility  and  the 
continuous  change  in  the  height  of  the  fall.  Hence  tidal  mills  have  never  been  much  of  a  factor  in  production. 
This  picture  was  taken  at  low  tide.  The  wheel  cannot  be  seen  from  this  angle. 


114  ©  Halliday  Historic  Photograph  Co. 
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THE  OVERSHOT  WHEEL  OF 
OLIVER  EVANS’  DAY 
Between  the  float  wheel  and  the  overshot  wheel 
were  many  types  familiar  to  our  forefathers. 
Oliver  Evans,  one  of  the  famous  engineers  and 
inventors  of  the  early  Republic,  in  The  Young 
Mill-Wriglit  and  Miller’s  Guide,  gives  illustrations 
of  the  types  of  wheels  common  at  the  end  of  the 
eighteenth  century.  In  the  overshot  wheel  (No. 
115)  the  water  was  led  on  to  the  wheel  (3) 
through  the  penstock  (4).  The  gate  (G)  kept 
back  the  water  until  needed. 


115  From  Oliver  Evans,  The  Young  Mill-Wright  and  Miller's 
Guide,  Philadelphia,  1795 


UNDERSHOT  WHEELS 
In  the  undershot  wheel  a  narrow  swift  stream  of 
water  was  shot  through  a  flume  or  penstock  (A) 
directly  on  to  the  wheel  blades  from  below.  The 
speed  of  the  water  and  the  force  of  its  impact, 
rather  than  the  weight  of  the  water,  are  the  motive 
forces. 


116  From  Oliver  Evans,  The  Young  Mill-Wrlght,  etc., 
1795 


THE  BREAST  WHEEL 
The  breast  wheel  was  a  hybrid  combining 
the  essentials  of  both  the  undershot  and 
overshot  wheels.  In  this  type  of  wheel  the 
water  struck  the  vanes  about  halfway  up. 


117  From  Oliver  Evans,  The  Young  Mill-Wright ,  etc., 
1795 


THE  PITCH  BACK  WHEEL 
The  familiar  direction  of  the  action  of 
a  water  wheel  was  toward  the  right.  In 
a  pitch  back  wheel  arranged  like  a  high 
breast  wheel  this  motion  was  reversed, 
hence  the  name.  The  water  coming 
through  the  penstock  (2)  is  held  in  check 
by  the  gate  (A)  until  needed  to  turn  the 
wheel.  Oliver  Evans,  from  whose  prac¬ 
tical  book  the  cuts  are  taken,  was  an 
inventor  of  a  number  of  successful  ma¬ 
chines  used  in  flour  and  other  mills. 
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From  Oliver  Evans,  The  Young  Mill-Wright,  etc.,  1795 
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OUTSIDE  VIEW  OF  A  MILLHOUSE 
Evans’  book  contains  instructions  for  the  erection  of  millhouses. 
In  the  illustration  part  of  the  wall  of  the  mill  has  been  removed  to 
show  the  operation  of  the  mill  machinery.  (A)  is  the  big  outside  water 
wheel  which  furnished  the  power;  (B)  the  cogwheel  within  the  mill 
to  which  the  power  was  transferred;  and  (C)  the  millstones  which  did 
the  grinding.  In  such  mills  were  ground  the  grists  of  the  colonial  and 
early  nineteenth-century  farmers.  Some  have  persisted  even  to  the 
present. 


119  Simplified  from  Oliver  Evans,  The  Young 
Millwright,  etc.,  1795 


OLD-TIME  DAM  AND 
LOGWAY,  MINNESOTA 
All  water  wheels  except  the  float 
wheel  required  the  construction  of  a 
dam  across  the  stream.  These  dams 
interfered  with  two  other  interests, 
the  logging  and  fishing  industries. 
Consequently  the  owners  of  mill- 
dams  in  logging  territory  were  required  to  provide  means  for  getting  logs  beyond  the  dam  without  permitting 
them  to  fall  over  the  crest.  The  illustration  shows  one  of  the  familiar  constructions  by  which  both  the  mill 
and  the  logging  interests  were  conserved.  The  logway  is  in  the  foreground.  The  dam  itself  is  a  crude  one 
made  of  logs,  loose  stones,  and  earth. 
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From  a  photograph  by  the  United  States  Forest  Service 


•^O  ns  iz  -ult. 
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Courtesy  of  the  United  States  Bureau  of  Fisheries 


THE  FISHWAY 

The  necessity  for  providing  passage  for  fish  where  milldams  obstructed  streams  arose  from  the  fact  that 
many  species  of  fish  seek  the  headwaters  of  streams  for  breeding  purposes.  Although  some  species  are  able 
to  leap  and  swim  upstream  against  rapids  and  minor  falls,  they  were  checked  by  the  dams.  Hence  the  builders 
of  dams  were  forced  to  construct  gates  which  were  opened  for  the  passage  upstream  of  adult  fish,  and  for  the 
journey  down  of  the  young.  Sometimes,  too,  at  one  side  of  the  dam  the  height  was  broken  into  a  series  of 
smaller  dams  arranged  like  steps.  These,  called  “fish  ladders,”  enabled  the  fish  to  surmount  or  descend  the 
dam  with  ease  and  safety. 
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122  ©  Eastern  Illustrating  Co. 


THE  DAM  AT  SEYMOUR,  CONNECTICUT 

hen  men  first  began  building  dams  they  were  limited  by  their  knowledge  and  resources  to  small  streams. 
Most  of  the  dams  were  made  of  earth,  or  combinations  of  stone  and  earth,  or  stone,  earth  and  logs.  Later 
they  improved  natural  waterfalls  by  extending  them  with  rock  dams,  the  rocks  being  held  in  place  with 
lime  mortar.  The  Seymour  dam  in  the  Naugatuck  River  was  of  the  latter  variety  when  first  built  shortly 
after  the  opening  of  the  nineteenth  century.  It  was  constructed  by  David  Humphreys  to  run  one  of  the 
earliest  merino  wool  factories  in  America.  For  over  a  century  and  a  quarter  there  has  been  some  sort  of 
a  wool  mill  operating  at  this  site  and  using  the  water  power  made  available  by  the  dam.  In  times  of  “high 
water”  the  flood  pours  over  the  natural  rocks  at  the  left. 


123  From  a  photograph,  courtesy  ol  Arthur  T.  Saflord,  Lowell,  Mass. 


DAM  OVER  THE  MERRIMAC  AT  LOWELL 

The  cotton  manufacturing  venture  at  Lowell,  Mass.,  beginning  in  1823,  marks  the  inauguration  of  man’s 
attempt  to  utilize  the  power  possibilities  of  larger  streams.  The  Merrimac  River  at  this  point  has  nearly 
thirty  feet  of  fall  and  a  stone  dam  was  built  across  the  river  to  make  this  drop  produce  power. 
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124  From  Harper's  Weekly,  Jan.  31,  1869,  after  a  photograph  taken  during  a  flood 


THE  HOLYOKE  DAM,  BUILT  1849 

The  largest  water-power  project  in  New  England  is  at  the  city  of  Holyoke,  Mass.,  on  the  Connecticut  River. 
The  size  and  volume  of  the  river  at  this  point,  together  with  a  difference  in  level  of  sixty  feet  above  and  below 
the  city,  account  for  the  large  amount  of  power  available  at  this  point.  The  first  venture  was  made  in  1831 
when  a  wing  dam  was  projected  a  short  way  from  the  shore  into  the  current,  which  diverted  a  small  volume 
of  water  to  the  wheel  of  a  small  mill.  A  more  ambitious  enterprise  was  inaugurated  in  1847.  The  stream  was 
measured,  a  company  organized  and  a  great  timber  dam,  iron  capped,  built  across  the  river.  This  dam  was 
thirty  feet  high  and  about  a  fifth  of  a  mile  long.  Two  hours  after  the  gates  were  first  shut  the  dam  broke  under 
the  enormous  pressure  of  the  stream.  The  lesson  learned,  a  stronger  timber  dam  was  built  and  finished  in 
1849.  For  a  generation  this  dam  was  the  central  feature  in  the  largest  and  most  daring  water-power  project 
in  America. 


From  The  City  of  Holyoke,  Its  Waterpower  and  Its  Industries,  Springfield,  1875 


HOLYOKE  DAM  AFTER  THE  APRON  WAS  BUILT 
In  1868  it  was  discovered  that  the  constant  wearing  of  water  and  ice  had  scooped  great  pits  in  the  rocks 
below  the  Holyoke  dam  and  back  under  the  dam  itself.  A  great  timber  apron,  inclining  from  the  crest,  was 
constructed  to  ease  the  abrupt  fall  of  the  waters  and  so  prevent  erosion.  This  improvement  was  an  engineer¬ 
ing  feat  second  only  to  the  building  of  the  dam  itself  and  was  completed  in  1870. 
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126  From  a  photograph,  courtesy  of  W.  C.  Livermore,  Springfield,  Mass. 


WATER  POURING  OVER  HOLYOKE  DAM,  1913 
The  third  improvement  of  the  Holyoke  dam  was  made  in  1900  when  the  old  timber,  iron-sheathed  dam  was 
abandoned  and  a  new  dam  constructed  of  solid  granite.  The  new  dam  had  a  curved  front  to  carry  out  the 
purpose  of  the  apron  on  the  old  dam.  Although  this  dam  still  creates  the  largest  water  power  in  New  England, 
the  Holyoke  project  is  no  longer  the  greatest  water-power  enterprise  in  America,  a  record  it  long  held.  Niagara, 
McCall’s  Ferry,  Keokuk,  and  Muscle  Shoals  are  among  the  modern  projects  that  have  dimmed  the  glory 
of  Holyoke,  to  say  nothing  of  great  irrigation  power  dams  such  as  the  Roosevelt  Dam  of  the  Salt  River 
irrigation  of  Arizona. 


127  The  Old  Mill  at  Reems  Creek, 
North  Carolina,  from  Picturesque 
America,  New  York,  1872,  after  a 
drawing  by  Harry  Fenn 
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MORE  important  than  winds  and  water  for  the  production  of  power  and  of  heat 
has  been  coal.  Mining  of  all  kinds,  mechanical  transportation,  manufacturing 
and  domestic  heating  all  depend  upon  coal.  Coal  is  the  most  valuable  mineral 
in  the  world.  What  the  world  calls  coal  is  the  soft  or  bituminous  variety.  Of  this  the 
fields  in  the  United  States  are  remarkable  only  for  their  vast  extent.  Many  other  parts 
of  the  world  have  large  deposits  of  soft  coal;  industrial  leadership  everywhere  depends 
upon  bituminous  coal,  and  the  struggle  for  coal  plays  a  large  part  in  modern  history. 

But  of  one  variety  of  coal  the  United  States  possesses  a  monopoly.  That  is  anthracite 
or  hard  coal,  and  this  is  found  in  commercial  quantities  and  of  commercial  quality  only 
in  eastern  Pennsylvania.  The  discovery  of  anthracite  and  its  utilization  form  the  unique 
contribution  of  America  to  the  history  of  coal.  The  Indians  of  Pennsylvania  were  familiar 
with  the  black  ledges  outcropping  along  the  forested  slopes  of  the  hills,  but  since  coal 
meant  nothing  to  them,  its  presence  was  ignored.  So  too  the  first  white  settlers  who 
penetrated  the  region  interested  themselves  in  the  conventional  pursuit  of  agriculture, 
quite  ignorant  of  the  fact  that  underneath  the  farms  of  many  of  them  lay  one  of  the 
world’s  richest  mineral  storehouses.  The  utilization  of  coal  waited  upon  industrial 
development,  particularly  the  development  of  the  steam  engine.  When  industrial 
magnates  began  to  chafe  at  the  limitations  imposed  by  water  power  in  the  days  before 
hydroelectricity  they  turned  to  the  serious  study  of  the  practical  utilization  of  coal. 

One  of  the  curious  aspects  of  American  development  followed  from  the  fact  that  the 
American  anthracite  fields  lie  east  of  the  bituminous  fields  with  the  result  that  the 
westward  moving  frontier  came  upon  anthracite  first.  Moreover  anthracite  was  nearer 
to  the  population  centers  of  the  coast,  Baltimore,  Philadelphia  and  New  York.  The 
result  was  that  anthracite  was  the  first  American  coal  to  come  in  quantity  on  the 
market,  and  much  time  and  experimentation  were  required  before  it  could  be  efficiently 
used.  The  methods  of  mining  and  utilization  of  bituminous  coal  were  introduced  from 
England,  but  anthracite  presented  problems  which  Americans  had  to  solve  unaided. 
With  the  development  of  the  coal  industry,  the  day  of  the  old  water  wheel  passed. 

The  primitive  application  of  water  power  had  many  limitations.  Insufficient  engineer¬ 
ing  skill  denied  control  of  the  larger  streams;  earth  fills,  log  and  loose  stone  dams  were 
necessarily  confined  to  the  smaller  waterways.  The  narrowness  of  the  valleys  in  which 
dams  could  be  constructed  prevented  the  expansion  of  manufacturing  plants.  Most 
important  of  all  was  the  impossibility  of  increasing  the  amount  of  water  power  available 
at  any  given  point,  lo  offset  this  handicap  much  attention  was  given  to  improvements 
in  water-power  mechanics  and  devices  in  an  effort  to  turn  every  bit  of  potential  power 
into  usable  energy.  r 

When  at  length  water  power  had  proved  itself  incapable  of  meeting  the  demands 
of  the  rapidly  expanding  industries  of  the  country,  favor  turned  to  the  steam  engine. 
The  constant  improvement  of  this  machine  more  than  kept  pace  with  industry.  The 
ability  to  place  a  steam  engine  anywhere  and  to  multiply  its  units  gave  obvious  ad¬ 
vantages  over  water  power.  Coal,  natural  gas  and  other  petroleum  products  were  the 
fuel  lor  the  new  source  of  power. 
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THE  ORIGIN  OF  COAL 

Millions  of  years  have  passed  since 
that  area  in  the  United  States  which 
is  now  Pennsylvania,  Indiana  and 
Illinois  was  a  swampy  country  lying 
close  to  sea  level.  Neither  the  ma¬ 
jestic  Rockies  nor  the  Appalachians 
had  been  piled  up  by  deformations  of 
the  earth’s  crust.  Where  the  latter 
stand  to-day  the  land  in  this  ancient 
Carboniferous  Age  was  relatively  level 
and  covered  with  forests  of  strange 
trees.  The  climate  was  warm;  the 
forests  and  undergrowth  were  of  a 
tropical  luxuriance.  But  everywhere 
was  silence,  save  for  the  sounds  of 
inanimate  nature.  No  mammals  or 
reptiles  ran  over  the  ground  or  climbed 
in  the  branches.  No  birds  flitted  from 
limb  to  limb.  Life  in  its  development 
had  not  yet  produced  such  forms. 
Vegetation  covered  the  hills  and  the 
plains,  here  with  a  carpet  of  ferns  and 
there  with  a  jungle  of  trees.  Then  the 
Carboniferous  Age  came  to  an  end. 
During  its  latter  stages  the  land  tended 
more  and  more  to  sink  below  the  sea. 
Its  forests  and  swamps  were  converted 
into  gigantic  peat  bogs  and,  finally,  in 
the  age  that  succeeded,  these  were  buried 
beneath  thick  layers  of  strata.  Heat  and 


128  Fossil  Fern  Irom  a  West  Virginia  Coal  Mine,  Irom  a  photograph  by  the 

United  States  Geological  Survey 


pressure  below  the  surface  of  the  earth  transformed  the  peat  into  coal. 
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'he  Age  ol  Coal  Accumulation;  restoration  by  Unger,  courtesy  of  the  United  States  National  museum 
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From  an  exhibit  in  the  United  States  National  Museum 


VARIETIES  OF  COAL  FORMATION 

The  successive  chemical  changes  in  the  evolution  of  coal  from  living  vegetation  to  anthracite  may  be  in¬ 
dicated  best  by  models.  Living  plants  contain  carbon,  moisture,  sulphur,  various  hydrocarbons,  and  non 
combustible  mineral  matter.  In  the  formation  of  coal  vast  beds  of  plants  were  covered  with  water  or  earth 
with  the  result  that  decay  was  checked.  Geologic  action  produced  heat  or  pressure  or  both.  The  varying 
degrees  of  heat  or  pressure  forced  out  in  different  proportions  the  moisture,  hydrocarbons  (in  the  form  of 
gases)  and  sulphur.  As  a  consequence  the  original  carbon  occupied  a  greater  proportion  of  a  given  amount 
of  material.  Since  carbon  is  the  material  that  gives  heating  value  the  fuels  are  ranged  in  accordance  with 
their  proportionate  volume  of  carbon,  peat  having  the  least  and  anthracite  the  most.  Beyond  anthracite 
come  graphite  and  diamond  in  which  the  proportion  of  carbon  is  too  great  to  burn  except  at  high  temperatures. 

Since  the  hydrocarbons  help  ignite  the  carbon  and 
themselves  have  some  heating  value  the  most  valuable 
coals  are  certain  varieties  of  super-bituminous  or  semi¬ 
anthracite  and  not  anthracite  itself.  The  dark  sub¬ 
stance  in  the  models  represents  carbon,  increasing  in 
relative  proportion  from  turf  to  graphite. 

AN  EARLY  MENTION  OF  COAL 
IN  AMERICA 

The  existence  of  coal  in  America  was  known  at  an 
early  date.  In  1673  Joliet  and  Marquette  noted  coal 
in  their  travels  in  the  Mississippi  valley,  and  a  few 
years  later  that  indefatigable  explorer,  Father  Henne¬ 
pin,  published  a  map  showing  a  “cole  mine”  along  the 
Illinois  River,  a  little  way  above  Fort  Crevecceur. 
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From  L.  Hennepin,  New  Discovery,  etc.,  London,  1698 


To  bt  ftl /  •vtrj  Cbtap, 

By  Captain'  BYRNE, 

CkhtrJ  lit  frrm  Li%n'f*tl,  nw  tji at  tit  New  Dic\  j 

VERY  good  Smith'!  Coals,  Brimftona,  Earthen 
Ware,  a  few  Pipes  and  Chefti  of  old  Mountain 
WIm,  Florence  red  Wine  in  Chefii,  the  very  bell  of 
Sailed  Oil.  Gorgoaee  Anchovies  in  (mail  Krgs.  - 
AKb,  a  (null  Affortment  of  Chtcks,  Linen  Handker¬ 
chiefs,  Pewter  and  Tin  Ware,  Worded  Breaches  Piere* 
C?  all  Colours, a  few  Calks  of  Choice  old  bottled  Beer,&c. 


ENGLISH  COAL  “VERY  CHEAP,”  1765 
Although  coal  was  known  at  an  early  date  no 
attempt  was  made  to  mine  it  until  1750,  when  a 
small  bituminous  mine  was  opened  near  Richmond, 

Virginia.  For  years  this  was  the  only  important 
American  source  for  coal  and  “Richmond  Coal” 
became  a  byword.  It  was  used  principally  by 
blacksmiths.  Most  of  the  coal  consumed  during  the  colonial  period  came  from  England.  Advertisements 
by  shipmasters  from  Liverpool  such  as  this  one  of  Captain  Byrne  were  frequent  in  the  colonial  newspapers. 
There  was  no  great  demand  for  coal,  for  the  smiths  were  the  main  users.  They  needed  a  hot  and  flame¬ 
less  fire  in  which  to  heat  their  iron  before  shaping  it  on  the  anvil.  The  local  ironmasters  who  refined 
the  iron  ore  taken  from  bogs  used  charcoal  in  their  furnaces. 


132  From  the  New  York  Gazette,  or  Weekly  Post-Boy,  June  20,  1765 
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OBADIAH  GORE,  1744-1821,  AN  EARLY  USER  OF 
ANTHRACITE 

The  first  knowledge  of  anthracite  seems  to  have  been  acquired  in 
Rhode  Island  in  1  /60.  Two  years  later  a  similar  discovery  was  made 
by  a  company  of  Connecticut  pioneers  who  had  settled  in  the  Wyoming 
Valley  of  Pennsylvania.  The  first  practical  use  of  anthracite  as  a  fuel 
was  probably  made  by  one  of  these  pioneers,  Obadiah  Gore,  a  black¬ 
smith,  who  in  1/69  burned  anthracite  in  his  forge.  Following  this 
demonstration  anthracite  came  into  general  use  among  the  black¬ 
smiths  of  the  neighborhood. 


134  Judge  Jesse  Fell,  1751-1830,  from  a  sil¬ 
houette  in  the  possession  of  Ernest  G.  Shaw, 
Wilkes-Barre,  Pa. 


EXPERIMENTS  WITH 
ANTHRACITE 
The  value  of  anthracite  became 
known  but  slowly.  For  many 
years  it  was  used  only  by  a  few 
blacksmiths  in  their  forges. 

Experiments  with  anthracite  as 
a  general  heating  fuel  were 
nevertheless  going  on.  In  1802 
Frederick  Graff  burned  anthra¬ 
cite  in  a  large  stove  in  Phila¬ 
delphia.  In  1803  Oliver  Evans  burned  the  fuel  in  a  grate  and  in  1808 
Judge  Jesse  Fell  of  Wilkes-Barre  did  likewise.  The  ignorance  of  the 
times  concerning  this  fuel  is  well  illustrated  by  the  fact  that  Fell  knew 
nothing  of  Evans’  previous  experiments.  Wood  was  plentiful,  and  the 
heating  devices  of  the  early  nineteenth  century  were  adapted  to  its  use. 
Many  years  elapsed,  even  though  the  experiment  of  Judge  Fell  became 
fairly  well  known,  before  any  large  number  of  Americans  came  to  use 
this  stony  fuel.  For  another  two  generations  the  coal  seams  that  had 
originated  in  the  ancient  Carboniferous  Age  remained  relatively  un¬ 
disturbed. 


133  From  a  crayon  portrait  in  the  Wyoming 
Historical  and  Geological  Society,  Wilkes- 
Barre,  Pa.,  after  a  painting  in  the  possession  of 
the  Gore  family 


JUDGE  FELL  RECORDS  HIS  EXPERIMENT 


The  success  of  his  experiment  in  burning  anthracite  was  recorded  by  Judge  Fell  upon  the  flyleaf  of  a  book  in 
his  library.  The  record  is  still  in  existence.  It  reads  as  follows:  “February  11th  of  Masonry  5808  made  the 
experiment  of  burning  the  common  Stone  Coal  of  this  Valley  in  a  Grate  in  a  common  fireplace  in  my  house. 
I  find  it  will  answer  the 
purpose  of  fuel  making  a 
clearer  and  better  fire  at 
a  less  expense  than  burn¬ 
ing  wood  in  the  common 
way.”  These  early  hap¬ 
hazard  experiments  are 
characteristic  of  an  age 
unfamiliar  with  the 
scientific  method  and 
untrained  in  systematic 
research.  Yet  from 
them  came  a  rough 
knowledge  of  the  nature 
and  use  of  the  hard  coal 
that  became  known  as 
anthracite. 


135  From  the  flyleal  of  Fell's  copy  of  Illustrations  of  Masonry,  In  the  Wyoming 

Historical  and  Geological  Society 
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JA,C  ?  ur  E  *,  S  S,  '°{  N?rft,arnPtOT  County  in  the  StJte  of  Pennfylvania,  one  of 
the  Subfcribers  hereto,  having  dtfeovered  3  certain  Coal-Mine  on  a  Trail  of  about 
(.even  Hundred  and  Seventy  Acres  of  Land  of  his,  in  faid  County,  at  the  Diftance  of 
about  one  hundred  Miles  from  the  City  of  Philadelphia,  and  about' ten  Miles  from  the 
Leh^h  below  the  Turn  Hole,  and  fo  Otuated  that  the  fame  Coal  may  be  tranfported  to 
the  faid  City  and  other  Places.  And  from  a  Trial  of  the  faid  Coal  made  by  different 
Smiths,  it  appears  to  be  of  »  Quality  fuper.or  to  the  Coal  commonly  imported  into  tins 
Oh  ~ TA  J  m  fald  Jacob  Weifs  being  willing  to  difpofe  of  a  Part  of  the  fame  in 

Shares,  by  interefting  other  Perfons  in  the  Benefit  of  the  faid  Coal,  Coal-  Mine  and  Trail 
ol  Land,  on  the  following  Terms,  viz. 

whole  be  held  in  Fifty  Shares,  ten  of  which  to  be  retained  and  held  by  the 
laid  Jacob  Wcifs,  and  the  other  forty  Shares  by  the  other  Subfcribers  hereto. 

J  TnA,I,  foS  c?ch  °f  ,l'°re  <'orty  S^res  fo  ftihfcribed  for,  there  lhall  be  paid  to  the  faid 
'Jacob  Wcifs  his  Heirs  or  Affigns,  Two  Hundred  Dollars,  in  the  following  Manner— 

?nr  r  thcr‘?f;  c'Z’  ^  DolUrs  as  foon  «  ■>"  whole  forty  Shares  fhall  be 
fubfenbed  for,  or  within  feven  Days  thereafter;  One  other  fourth  Part  or  fifty  Dollars, 
on  the  firft  Day  of  Oftober  next ;  And  the  remaining  two  fourth  Pans  or  one  hundred 
Dolla,s,  on  the  firft  Day  of  June,  .One  Thoufand  Seven  Hundred  and  Ninety  Three. 

3  That  the  Payments  (hall  be  punflually  made  on  or  before  the  Days  and  Times  fo 
hxed  for  Payment ;  a  Failure  in  either  Payments  for  any  Share  or  Shares  to  work  a 
Porleiture  of  the  whole  of  the  previous  Payments  on  account  of  fuch  Share  or  Shares  to 
the  Company,  and  iuch  Share  or  Shares  thenceforth  to  be  difpofed  of  to  others,  fo  that 
the  Proportion  remaining  due  to  the  faid  Jacob  Wcifs  be  paid. 

<  That  <^ch  Subfcriber  be  at  Liberty  at  the  Time  of  fubferibing,  to  fubferibe  for  one 
or  more  Shares  at  lMeafure 

J*"That  the  Subfcribers  and  their  Succefibrs  fhall  be  called  and  known  by  the  Name 
0*  The  Lehigh  Coa  l-M  iwe  Company. 

/  That  as  foon  as  the  whole  forty  Shares  lhall  be  fubferibed  for,  the  three  firf!  Subfcri¬ 
bers  of  the  fame  lhall  give  written  Notice  of  at  leaf!  three  Days,  of  the  Time  and  Place, 
when  and  where  the  feveral  Subfcribers  lhall  affemble,  in  order  to  organize  the  Compa¬ 
ny  and  proceed  to  chule  from  amonb  themlclves  a  Prehdcnr,  eight  Managers  and  a 
Treafurer  by  Ballot.  Each  Share  to.be  entitled  to  one  Vote. 

/That  the  Treafurer  for  the  Time  being  lhall  give  Bond  to  the  Prefident  and  Man¬ 
agers  for  the  Ufe  of  the  Company,  for  fuch  Sum  as  they  from  Time  to  Time  lhall  deem 
reccfiarw,  conditioned  for  the  faithful  Performance  of  his  Trull. 

c  T h  at  the  Prefident  and  other  Officers  lhall  after  the  firft  Eh\ftion  aforefaid,  be  annually 
cholen  bv  Ballot  in  Manner  aforelaid,  on  the  third  Monday  of  January  in  every  Year,  of 
which  Meeting  and  Elciftion,  or  of  any  fpecial  Meeting  that  lhall  be  held.  Public  Notice 
fhall  be  given  by  the  Prefident  and  Managers  of  at  lead  three  Weeks,  in  one  or  more 
of  the  Public  News-papers  in  Philadelphia. 

■/  That  the  Company  lhall  from  Time  to  Time  make  fuch  Rules,  Regulations  and 

-B.i  t-iiui-UA  .1 . . n-.—  c  _  .1  . n  ..I.-.  .  act-  . 
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From  a  circular  dated  Feb.  13,  1792,  courtesy  of  the  Lehigh 
Coal  and  Navigation  Company,  Philadelphia 


JACOB  CIST  INTRODUCES  COAL  INTO 
PHILADELPHIA 

At  first  the  Lehigh  Coal-Mine  Company  did  not  meet 
with  success.  People  would  not  buy  the  untried  fuel. 
Consequently  the  company  was  glad  in  1813  to  lease 
the  rights  of  mining  its  property  for  ten  years  to  a 
group  of  men  headed  by  Jacob  Cist  on  condition  that 
they  deliver  five  thousand  bushels  of  coal  to  Phila¬ 
delphia  during  the  first  two  years  and  ten  thousand 
bushels  for  the  remaining  eight  years.  Cist  and  his 
associates,  however,  failed  to  carry  out  the  agreement 
and  the  lease  was  cancelled. 


THE  FORMATION  OF  THE  LEHIGH 
COAL-MINE  COMPANY 
The  first  anthracite  mining  company  to  attract  notice 
was  the  Lehigh  Coal-Mine  Company.  A  story  is  told 
of  a  poor  hunter  named  Philip"  Gin  ter  who  in  1791 
accidentally  kicked  up  some  coal  in  the  neighborhood 
of  Mauch  Chunk.  Startled,  he  picked  up  the  stones 
and  carried  them  to  Col.  Jacob  Weiss,  who  in  turn 
sent  them  to  Philadelphia  for  analysis.  At  any  rate, 
in  1792  Weiss,  together  with  John  Nicholson,  Michael 
Hillegas,  and  others  formed  the  Lehigh  Coal-Mine 
Company  with  the  purpose  of  exploiting  the  anthracite 
resources  of  the  Mauch  Chunk  neighborhood. 


cdt-  a.  Ji!  <  /  /l,  \  y  a/  AXaaaX  -A* 
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tU  //’a  fcUy  /4Ca/ £aaaaaa Cly  ^  gfV, 
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a/  Avl  Me  4— a 

CXL  dex/c*.  Cm 

/iV  t-w  ^  c<_a5  - 
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137  Facsimile  from  the  daybook  of  the  Lehigh  Coal-Mine  Company 
for  Oct.  1814,  courtesy  of  the  Lehigh  Coal  and  Navigation  Company 


AN  EARLY 
COAL  MINE 
One  of  the  first  coal  mines 
to  do  active  business  was 
that  of  John  and  Abijah 
Smith,  organized  about 
1805.  In  1807  they  sent 
fifty-five  tons  of  coal  from 
Wilkes-Barre  by  water 
down  the  Susquehanna  to 
Columbia. 
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OVERCOMING  THE  PREJUDICE 
AGAINST  ANTHRACITE 
The  trouble  in  selling  anthracite  lay  in  the  unwilling¬ 
ness  of  the  public  to  try  something  new.  What  an 
unheard  of  thing  to  burn  black  stones!  The  Lehigh 
Coal-Mine  Company  published  handbills  or  broad¬ 
sides  in  order  to  convince  the  public  of  the  prac¬ 
ticability  of  anthracite  as  a  fuel. 


139  Facsimile  of  a  circular  In  the  collection  of  the  Lehigh 
Coal  and  Navigation  Company 


140  Joslah  White,  1781-1850,  from  M.  S.  Henry.  History  of  LeMoK 
Valley,  Easton,  Pa.,  1860,  lithograph  from  drawing  on  stone  by 
A.  Newson 

THE  FIRM  OF  WHITE  AND  HAZARD 
At  this  point  the  firm  of  White  and  Hazard  enters  the 
story.  In  1813  this  firm  was  engaged  in  the  manu¬ 
facture  of  iron  and  wire  at  the  falls  of  the  Schuylkill. 

Becoming  interested  in  anthracite,  they  experimented 
with  it  to  discover  its  fitness  for  their  business.  At 
first  they  treated  it  like  bituminous  coal;  that  is,  they 
used  a  small  draft,  frequent  firing,  and  constant 
poking.  Under  these  conditions  the  anthracite  failed 
to  burn  properly. 

One  day,  one  of  their  men  in  disgust  slammed  shut 
the  furnace  door,  left  the  drafts  open,  and  went 
home.  His  astonishment  was  exceedingly  great  when 
on  his  return  he  discovered  a  brisk  fire  burning  in  the  furnace.  This  accident  pointed  the  way  to  proper  firing 
with  anthracite;  White  and  Hazard  soon  mastered  the  use  of  the  new  fuel. 

Realizing  the  value  of  anthracite,  they  now  set  about  making  a  connection  with  the  coal  industry.  Since 
they  had  bought  their  coal  from  the  Lehigh  Coal-Mine  Company,  they  attempted  to  get  into  a  position  to 
deal  with  its  owners.  Accordingly,  in  1818,  they  obtained  a  charter  from  the  legislature  to  improve  the  navi¬ 
gation  of  the  Lehigh  River,  and  formed  the  Lehigh  Navigation  Company.  They  also  bought  coal  land  in  the 
neighborhood  of  Mauch  Chunk.  Interesting  some  of  the  members  of  the  older  company  in  their  project, 
they  were  able  to  lease  the  old  company  from  its  owners  for  twenty  years.  This  lease,  however,  did  not  run 
out  its  term,  for  in  the  following  year  the  two  companies  were  consolidated. 


141  Erskine  Hazard,  1789-1865,  from  M.  S.  Henry,  History  of  Lehigh 
Valley,  Easton,  Pa.,  1860,  lithograph  from  drawing  on  stone  by 
A.  Newson 


TO  THE 


Blacksmiths 

OF  THE  CITY  OF 

PHILADELPHIA. 


The  Subscriber  having  succeeded  in  overcoming  the  prejudice  of 
his  Workmen  against  the  LEHIGH  COAL,  after  two  years  solicitation 
and  repeated  trials,  attended  with  disappointment,  has  had  them  used 
for  13  months  past,  to  great  advantage  for  himself  and  satisfactory  to 
his  journeymen  (one  of  them  that  was  the  most  adverse,  is  now  using 
them  at  Boyertown,  Berks  County,  at  g  75  per  hundred  bushels,  in  a 
neighborhood  where  Charcoal  can  be  purchased  for  one-tenth  of  the 
sum)  now  offers  his  advice  and  assistance  gratis ,  to  such  Smiths  as  shall 
call  on  him,  between  the  13th  and  19th  of  March  inst.  in  altering  their 
fire-places  to  fit  them  for  usingsaid  Coal.  He  will  be  found  at  the  Beth¬ 
lehem  Stage  Office,  Sign  of  the  Swan,  Race  Street,  or  the  Seven  Stars 
Tavern,  New  Fourth  Street,  above  the  Hay  Market.  The  address  of  any 
person,  desirous  of  obtaining  information,  left  at  either  place,  will  be 
attended  to.  Gentlemen  of  the  above  business  arc  informed  that  he  is 
not  concerned  in  the  Coal  speculation,  but  offers  his  assistance  in  aid 
of  the  profession,  to  fulfil  a  promise  made  the  Coal  Company  last  fall, 
which  he  could  not  heretofore  attend  to,  owing  to  indisposition. 

JOSEPH  SMITH 

Philadelphia ,  March  13,  1815. 

WE,  the  Subscribers,  residents  of  the  County  of  Bucks.  Do  Certify,  that  on  the  recommenda- 
tion,  and  under  the  direction  or  Joseph  Smith,  we  were  induceJ  to  make  trial  of  the  Lehigh  Coal  in 
our  Smith-shops— Wc  have  used  them  about  four  months;  and  believe,  at  the  price  we  gave  (8  24 
per  ton)  they  arc  the  most  (economical  coals  we  could  use.  Wc  find  that  the  weight  on  the  fire  the  , 
only  objection  to  them  is  more  than  compensated  by  the  intensity  of  heat,  and  freedom  from  that’eor. 
rosive  quality  and  cinder,  to  which  all  other  kinds  of  Coal  are  subject. 

Given  under  our  hands,  February  24,  1815. 

JACOB  B.  SMITH,  of  New  Hope. 

EDMUND  KINSEY,  of  MUton. 

The  subscriber  further  says,  that  on  a  fair  trial  of  the  relative  worth  of  the  two  kinds  of  Coal,  he 
iound  that  with  22  lb.  of  the  Lehigh  Coal,  he  could  make  11  pair  of  horse  shoes ;  and  that  it  required 
33  lb.  of  Richmond  Coal  to  make  the  same  number. — Time  about  equal ;  which,  making  the  m.ow- 
ancc  for  the  specific  gravity  of  the  two  kinds  of  Coal  (the  Richmond  Coal  being  very  dry)  will  make 
at  least  half  the  difference  in  measure ;  and  that  the  Lehigh  Coal  fire  was  the  most  pleasant  to  work 

March  1.  181  _ EDMUND  KINSEY. 
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From  a  lithograph  In  the  American  Journal  of  Science  and  Arts,  New  Haven,  1831 


EARLY  MINING  AT  MAUCH  CHUNK 


The  Mauch  Chunk  mines  were  the  most  famous  American  mines  of  their  time.  Foreign  travelers  made  as 
great  efforts  to  see  them  as  they  did  to  view  Niagara  Falls,  and  in  their  books  of  travel  gave  glowing  accounts 
of  these  unique  works. 

Mining  in  the  Mauch  Chunk  region  was 
no  easy  task.  The  mines  were  at  the  top  and 
sides  of  the  hill  surrounding  the  village. 

All  supplies  had  to  be  hauled  over  the 
ridges,  and  all  coal  let  down  the  hillside  — 
at  first  to  the  river  level,  and  later  to  the 
railroad  track.  The  Lehigh  valley,  at  this 
point  a  narrow,  winding  gorge,  was  of  sur¬ 
passing  beauty,  but  with  the  advent  of  man 
and  his  works  a  dark  pall  has  fallen  upon  the 
blackened  valley. 


GRAVITY  COAL  PLANE 
AT  MAUCH  CHUNK 
The  peculiar  transportation  difficulties  at 
Mauch  Chunk,  for  which  horses  and  wagons 
were  hardly  adequate,  were  met  by  the 
introduction  of  the  railroad.  These  gravity 
railroads  were  among  the  earliest  in  the 
United  States.  Loaded  coal  cars  as  they 
descended  were  made  to  pull  loaded  supply 
cars  up  the  hill.  Mules  also  pulled  cars  on 
rails  uphill.  Trains  of  coal  cars  were  made 
up  at  the  top  of  the  hill  and  the  mules  rode 
downhill  in  a  car  attached  to  the  rear. 
Eventually  steam  engines  operated  cables  to 
which  cars  were  attached.  The  Mauch  Chunk 
mines  with  their  elaborate  railway  mark  the 
transition  from  the  age  when  practically  no 
coal  was  used,  to  the  modern  industrial  era. 


143  From  M.  8.  Henry,  History  of  Lehigh  Valley,  Easton,  Pa.,  1860,  after 
an  ambrotype  by  P.  H.  Osborn 
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irom  William  Henry  Pyne,  Microcosm,  or  a  picturesque  delineation  of  the  Arts,  Agriculture,  Manufactures 

o!  Great  Britain,  London,  1808 


etc. 


BRITISH  COLLIERY  WORKERS  ABOUT  1800 

Unlike  anthracite,  bituminous  coal  was  mined  in  Europe  long  before  its  discovery  in  America.  No  history  of 
American  coal  would  be  complete  without  an  acknowledgment  of  our  indebtedness  to  the  Old  World  for 
methods  of  mining  and  knowledge  of  the  utility  of  the  fuel.  Our  direct  inheritance,  here  as  in  other  things, 
is  from  England.  In  fact,  our  first  miners  were  men  who  had  gained  their  experience  in  the  mines  of  Britain. 


A  Bituminous  Coal  Seam  on  the  Monongahela,  from  Charles  Lyell,  Trawls  in  North  America,  London,  1845 


BEGINNINGS  OF  BITUMINOUS  MINING 
IN  AMERICA 

Soft  coal  mining  began  in  the  neighborhood  of  Richmond  in 
1750,  but  it  did  not  reach  great  proportions  until  after  the 
anthracite  fields  had  been  well  established.  The  great  extent 
.of  the  bituminous  fields  early  became  evident,  travelers  to  the 
westward  often  remarking  on  the  great  seams  of  exposed  coal. 
In  No.  145  (a)  represents  the  coal  which  Lyell,  the  traveler, 
declared  to  be  ten  feet  thick,  ( b )  the  shale  and  (c)  sandstone. 
At  the  extreme  right  front  is  a  mine  in  operation.  Lyell 
described  it  as  follows:  “Horizontal  galleries  may  be  driven 
everywhere  at  slight  expense  and  so  worked  as  to  drain  them¬ 
selves,  while  the  cars  laden  with  coal  and  attached  to  each  other 
glide  down  as  shown  in  the  plate,  on  a  railway  so  as  to  deliver 
their  burden  to  barges  moored  to  the  river’s  bank.” 

Many  of  the  soft  coal  veins,  like  the  one  at  Pomeroy 
(No.  146),  were  discovered  on  the  slopes  of  rivers.  This 
favorable  location  permitted  cheap  water  transportation. 


146  A  Waterside  Coal  Mine  at  Pomeroy  on  the  Ohio, 
from  Henry  Howe,  Historical  Collections  of  Ohio, 
Cincinnati,  1847 
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147  Drawn  expressly  lor  The  Pageant  of  America,  by  Gregor  Noetzel  from  data 
compiled  by  the  United  States  Geological  Survey 


ANTHRACITE  VERSUS  BITUMINOUS 

Up  to  about  1870  the  production  of  anthracite  surpassed  that  of  bituminous.  This  was  due  to  the  earlier 
start  obtained  by  anthracite,  its  location  in  the  East,  and  its  use  in  the  steel  industry.  From  1870  the 
production  of  bituminous  left  anthracite  far  behind,  and  its  production  is  now  comparatively  negligible. 

A  map  of  the  coal  fields  of  the  United  States  will  give  a  clew  to  the  reason  why  anthracite  is  of  so  little 
importance  compared  with  bituminous.  The  anthracite  area  is  very  small,  only  a  thin  line  in  eastern  Penn¬ 
sylvania  and  a  touch  in 
Rhode  Island.  There  are 
about  490  square  miles  of 
anthracite  and  over  500,000 
square  miles  of  land  bearing 
bituminous  coal.  Bitumi¬ 
nous  is  now  the  preeminent 
industrial  fuel  and  is  capa¬ 
ble  of  indefinite  expansion, 
whereas  anthracite  is  almost 
entirely  limited  to  house¬ 
hold  use.  Even  there  it  has 
passed  its  peak  of  possible 
production  and  seems  sure 
to  decline  as  years  pass,  due 
to  the  development  of  other 
heating  methods,  such  as 
gas,  oil  and  electricity. 

148  From  Frank  G.  Baum,  Atlas  of  U.  S.  A.  Electric  Power  Industry,  San  Francisco,  1923,  from 
data  compiled  by  the  United  States  Geological  Survey 
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COMPARATIVE 
COAL  SUPPLIES 
OF  THE  WORLD 


In  comparing  our  coal 
resources  with  those  of  the 
rest  of  the  world  a  very 
small  block  serves  to  rep¬ 
resent  American  anthra¬ 
cite.  The  nick  in  this 
block  shows  the  amount  of 
anthracite  already  con¬ 
sumed.  A  similar  reduc¬ 
tion  of  the  bituminous  cube 
would  make  too  small  an 
indentation  to  show. 


From  an  exhibit  in  the  United  States  National  Museum 


150  From  a  model  in  the  United  States  National  Museum 


CROSS  SECTION  OF  A  COAL  MINE 

The  operations  at  the  coal  mine  are  divided  into  two  distinct  parts,  those  above  ground,  and  those  below. 
Under  the  earth  are  numerous  passageways  leading  in  many  directions.  Along  these  passageways  miners  dig 
the  coal  and  send  it  to  the  surface.  Above  ground  are  the  buildings  where  the  coal  is  received  and  prepared 
for  market,  the  railways  that  distribute  the  coal,  and  the  homes  of  the  miners. 
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TYPES  OF 
COAL  MINES 
Coal  mines  are  named 
among  miners  in  accord¬ 
ance  with  the  method  of 
approach  from  the  surface 
to  the  vein.  In  the  shaft 
mine  a  vertical  bore  comes 
down  from  the  surface  to 
the  lower  beds.  The  coal 
as  it  is  mined  is  elevated 
in  the  shaft  to  the  surface 
buildings.  Where  the  beds 
of  coal  are  nearly  vertical  a 


SLOPE 


Shaft 


strip 


MINE 
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Model  of  Anthracite  Mines,  Irom  the  Mining  Museum,  Pennsylvania  State  CoUege 


slope”  is  driven  toward  them  from  the  surface  behind  the  beds.  This  connects 
with  the  entries* or  tunnels  along  the  vein  at  the  bottom  of  the  “slope,”  and  the  vertical  section  is  then 

worked  by  breaking  the  coal  out 
of  the  beds  and  letting  it  fall 
down  where  it  may  be  gathered 
and  transported  to  the  surface. 
In  the  strip  mine  there  is  no  bore. 
The  coal  cropping  out  of  the 
surface  is  removed  by  a  steam 
shovel  in  much  the  same  manner 
as  sand.  The  use  of  such  ma¬ 
chinery  in  such  favorable  local¬ 
ities  is  one  of  the  reasons  why 
the  American  miner  digs  more 
tons  of  coal  in  a  year  than  any 

152  Stripping  Coal,  courtesy  ol  Coal  Age,  New  York  of  his  foreign  rivals. 


MINE  CAGE  AT 
THE  SHAFT  TOP 


Although  slope,  drift, 
and  tunnel  mines  are  com¬ 
mon  in  hill  and  valley 
regions  where  the  veins 
located  within  the  hillsides 
above  the  valley  make 
these  methods  of  mining 
possible,  the  ordinary  mine 
is  of  the  shaft  variety. 

Up  and  down  the  shaft  an 
elevator  called  a  “cage” 
is  operated.  Miners  going 
to  and  coming  from  work 
are  lowered  or  lifted  in  the 
cage.  Likewise,  all  filled 
coal  cars  from  the  mine 
faces  are  brought  to  the 
bottom  of  the  shaft,  shifted 
on  to  the  cage,  and  hoisted  to  the  surface.  Empty  cars  are  returned  in  the  same  manner. 

The  modern  mine  cage  is  raised  or  lowered  by  steam  or  electric  power  at  a  faster  rate  than  the  most  ex¬ 
peditious  office  elevator.  In  deep  mines  the  time  taken  in  reaching  the  work  level  by  workers  or  hoisting 
cargoes  to  the  surface  is  an  important  item  in  the  economy  of  the  operations. 


153 


Courtesy  ot  Coal  Age 
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OLD-TIME  HORSE  HOIST 

The  early  cages  were  raised  and 
lowered  by  a  winch  or  turnstile. 
No  contrast  better  illustrates  the 
more  efficient  methods  of  the  present 
day  than  that  of  the  swiftly  moving 
modern  cage  contrasted  with  its 
early  counterpart  hoisted  slowly  by 
a  horse  moving  in  a  circle  about  the 
winch. 


154  From  a  photograph  by  the  United  States  Bureau  of  Mines 
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155  From  a  photograph  by  the  United  States  Bureau  of  Mines 


PREPARING  TO  BLAST  A  VEIN 
The  first  step  in  mining  is  the  breaking  down  of 
the  coal  from  the  face  of  the  mine.  A  groove  is 
cut  at  the  bottom  of  the  face  of  the  vein  and 
holes  are  bored  at  the  top.  Then  the  coal 
between  the  two  openings  is  broken  down.  At 
first  miners  used  picks  to  cut  the  grooves,  and 
wedges  to  loosen  the  coal.  Later  the  use  of 
explosives  came  into  vogue.  Into  the  holes 
drilled  in  the  face  of  the  vein  light  charges  of 
powder  were  poured  and  rammed  home  or 
“tamped.”  A  fuse  was  inserted  and  the  ex¬ 
plosion  that  resulted  blew  down  the  coal,  which 
was  then  ready  for  shoveling  into  the  cars. 


A  PATENT  COAL-CUTTING  MACHINE,  1865 
The  hardness  of  anthracite  early  suggested  the  use  of  mechanical 
devices  for  undercutting  and  boring.  One  of  the  earliest  ma¬ 
chines  is  here  shown  (No.  156).  It  was  worked  by  hand  power. 


Courtesy  of  tue  Jeffrey  Manufacturing  Company,  Columbus,  Ohio 


156  From  The  Growth  of  Industrial  Art, 

Washington,  1892 


A  MODERN  COAL  CUTTER 
The  modern  undercutting  machine  is  a 
complicated  device.  The  cutting  tools  in 
the  machine  shown  are  carried  in  a 
continuous  chain.  This  mechanism  ac¬ 
complishes  in  a  short  time  work  that  for¬ 
merly  took  many  hours. 
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A  Mechanical  Loader,  courtesy  of  the  Jeffrey  Manufacturing  Company 


OLD  AND  NEW 
WAYS  OF 
LOADING  COAL 
After  the  coal  is  broken 
down  it  is  loaded  into  cars 
and  brought  to  the  sur¬ 
face.  For  many  years  coal 
was  shoveled  by  hand,  a 
heavy  and  slow  task  re¬ 
quiring  many  laborers  for 
rapid  output.  The  cars 
were  then  drawn  by  mules 
along  the  passageways  in 
the  mines  to  the  bottom  of 
the  elevator  or  to  the  slope 
leading  to  the  surface. 

159  Loading  Coal  by  Hand,  from  Harper's  Weekly,  Sept.  11,  1869  ..  ,,  ,  , 

onoveling  was  the  last 

underground  job  to  yield  to  machine  operation.  A  mechanical  loader  has  only  recently  been  invented  and 
is  gradually  coming  into  general  use. 


COMPRESSED 
AIR  DRILL 

Mechanical  tools  once 
introduced  were  rapidly 
improved.  Compressed  air 
and  electricity  now  supply 
the  power  for  coal-mining 
machines.  One  of  the 
many  varieties  of  me¬ 
chanical  drills  is  here 
shown.  The  rapid  stac¬ 
cato  pounding  of  the  mod¬ 
ern  drills  echoes  through 
passageways  deep  under¬ 
ground. 
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Courtesy  of  tlie  IngersoU-Rand  Company,  New  York 
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Courtesy  of  the  Jeffrey  Manufacturing  Company 


COMBINATION  CUTTER,  BREAKER,  AND  LOADER 
One  of  the  latest  machines  is  the  three-in-one  cutter.  This  device  not  only  undercuts  the  coal,  but  breaks 
it  down  and  loads  it  in  cars.  It  eliminates  so  much  labor  that  it  is  likely  to  meet  with  severe  opposition  as  its 
use  becomes  more  general.  Because  anthracite  is  harder  than  bituminous  and  also  for  the  reason  that  the 
veins  are  thinner,  machinery  is  much  less  generally  employed  in  hard  coal  mining  than  in  soft. 


MINE  MULE  HAULING 
A  LOAD 

For  hauling  cars  within  the 
mines  there  have  been  and 
are  many  methods:  human 
muscle,  gravity,  and  cable 
and  windlass.  But  the  mine 
mule,  stabled  underground, 
was  for  many  years  the 
favorite  “power”  for  hauling 
cars.  Ultimately,  however, 
his  service  was  challenged  by 
engines,  some  run  by  com¬ 
pressed  air,  and  some  by 
steam.  Of  late  the  electric 
locomotive  has  superseded 
all  other  means  of  car  move¬ 
ment  in  the  best  equipped 
mines.  Despite  the  new 
methods  the  old-time  mule 
is  still  found  in  many  mines, 
laboring  at  his  ancient  task. 
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From  a  photograph  by  the  United  States  Bureau  of  Mines 
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Courtesy  of  the  Jeffrey  Manufacturing  Company 


THE  SUCCESSOR  OF  THE 
MINE  MULE 

If  the  old-time  mule  had  a  dangerous  kick, 
so  has  the  electric  locomotive.  Observe  how 
close  the  feed  wires  are  to  the  men’s  heads. 
The  passageway  is  lighted  with  electric  bulbs 
inserted  in  the  roof.  This  kind  of  lighting  is 
confined  to  main  passages. 


THE  BREAKER 

When  the  great  lumps  of  anthracite  reach  the 
surface  they  must  be  “manufactured”  for 
domestic  use  by  separating  coal  from  slate  and 
sorting  the  coal  into  the  customary  trade  sizes 
from  “furnace”  to  “buckwheat.”  This  is  done 
in  a  series  of  buildings  called  the  “breaker.” 
Older  breakers  were  made  of  wood  but  the  most  modern  are  constructed  of  concrete.  The  waste  material 
or  culm  is  dumped  in  mountainous  piles  that  encumber  the  whole  anthracite  area.  Past  these  great  heaps 
flow  black  and  polluted  streams. 
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A  Wooden  Breaker,  courtesy  of  Coal  Age 


165  A  Modern  Breaker,  courtesy  of  the  General  Electric  Company 
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OLD  METHOD  OF  SEPARATING  SIZES 
In  an  old-time  breaker  the  lumps  of  anthracite  were 
cracked  into  smaller  bits  by  hand  sledges  and  passed 
through  a  screen  that  sorted  sizes. 

SLATE  PICKING  IN  THE  ’SIXTIES 
On  benches  at  intervals  along  the  coal  chutes  sat  the 
breaker  boys  under  the  supervision  of  a  foreman. 
As  the  lumps  of  coal  passed  slowly  down  the  slide  at 
their  feet,  these  lads  picked  out  the  pieces  of  slate 
that  were  mixed  in  and  threw  this  refuse  into  a 
parallel  chute.  At  the  top  of  the  chute  worked  the 
inexperienced  boys,  while  hands  long  familiar  with  the 
task  picked  out  the  last  pieces  of  stone  as  the  coal 
passed  on  to  other  processes.  The  breaker,  noisy  and 
dirty,  with  its  never-ending  stream  of  coal  passing 
the  benches,  warped  and  stunted  hundreds  of  human 
lives. 


166  From  Harper's  Weekly,  Sept.  11,  1869,  after  a  drawing 
by  Theodore  R.  Davis 


107  From  Harper's  Weekly,  Sept.  11,  1869,  after  a  drawing  by  Theodore  It.  Davis 
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om  a  photograph  by  the  United  States  Bureau  ox  Mines 


MODERN 

SORTING 

SCREENS 

A  modern  breaker 
crushes  the  great  lumps 
in  a  machine  and  passes 
them  to  sorting  screens. 
Thence  the  mass  goes 
into  other  machines 
which  mechanically 
separate  slate  from 
coal  by  utilizing  the 
difference  in  weight 
and  specific  gravity  of 
the  two  substances, 
coal  being  the  lighter 
of  the  two. 
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TIPPLE  FOR  A  BITUMINOUS  MINE 

The  surface  building  where  bituminous  coal  is  received  is  called  a  “tipple.”  In  this  structure  coal  is  weighed 
and  then  dumped  into  railway  cars  or  boats.  The  shaft  at  the  left  of  the  tipple  operates  the  mine  elevator 
or  “cage.” 


Courtesy  of  the  Jeffrey  Manufacturing  Company 


fnpw-c. 
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HEAD  OF  PICKING  TABLE  IN  A  TIPPLE 

In  the  interior  of  a  tipple,  workers  break  the  largest  lumps  of  coal  into  smaller  pieces,  much  as  is  done  with 
anthracite  in  a  breaker. 
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LOADING  A  COAL  BOAT 
ON  THE  LEHIGH  CANAL 
Transportation  is  an  impor¬ 
tant  factor  in  coal  mining  as 
in  many  other  industries.  In 
colonial  days  the  name  “sea 
coal”  was  generally  given  to 
this  product  because  it  came 
from  England  in  ships.  Some 
of  the  first  loads  of  domestic 
coal  were  transported  on  horse¬ 
back  and  in  wagons.  But  the 
fact  that  the  early  mines  were 
generally  located  near  navigable 
rivers  suggested  the  use  of  the 
Lehigh,  Schuylkill,  and  Susque¬ 
hanna  for  the  transportation  of 
coal.  The  rivers  were  improved 
and  canals  were  built  for  better  transportation  through  them, 
river  bank,  where  the  canal  boat  received  it. 
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From  Harper's  Weekly,  Feb.  22,  1873,  after  a  drawing  by  Frenzeny 


The  coal  was  sent  down  long  chutes  to  the 


172  From  the  Wyoming  Historical  and  Geological  Society  Proceedings,  Vol.  X,  Wilkes-Barre,  Pa„  1909 


COAL  “ARK”  ON  THE 
SUSQUEHANNA,  1808 
Coal  “arks”  preceded  the  appearance 
of  canal  coal  boats.  The  arks  were 
built  of  timbers  grown  near  the  mines. 
When  they  arrived  at  their  destination, 
the  coal  was  removed  and  the  ark 
broken  up  to  be  sold  for  lumber. 

A  RAILWAY  YARD  FILLED 
WITH  COAL  TRAINS 
To-day  coal  is  carried  mainly  by  rail¬ 
roads.  Every  one  is  familiar  with  the 
long  line  of  coal  cars  passing  across 
the  country.  The  transportation  of 
coal  forms  one  of  the  chief  sources  of 
revenue  to  the  railroads  of  America. 


173  Courtesy  of  Coal  Age 
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1919,  the  Barrett  Company,  New  York;  Insert  trom  an  exhibit  ol  coal  products  in  the  United  States  National  Museum 


A  LUMP  OF  COAL  AND  SOME  OF  ITS  BY-PRODUCTS 
Coal  is  not  simply  a  fuel  to  be  burned.  Like  petroleum,  it  may  be  distilled  into  a  great  variety  of  useful 
by-products.  Indeed  many  of  the  things  derived  from  petroleum  may  also  be  obtained  from  distilled  coal. 
When  these  by-products  have  been  taken  from  a  lump  of  coal,  a  residuum  remains  which  is  a  better  fuel 
than  the  original  material  from  the  miner’s  pick. 


KING  COAL 


73 


175 


From  a  model  in  the  United  States  National  Museum 


AN  OPEN  COKE  PILE 

One  of  the  important  products  obtained  from  coal  is  coke.  The  picture  shows  the  earliest  American  method 
of  coking  coal.  “The  procedure  started  with  an  open  heap  of  coal  provided  with  a  system  of  draughts  as 
shown  in  the  portion  removed.  The  fire  was  kindled  under  the  vertical  flues  and  combustion  was  kept 
smothered  by  banking  with  powdered  coal.”  —  Bulletin  102,  United  States  National  Museum. 


GAS,  TAR.  TAR  DERtVATfVTS,  IS  PER  CERT  AM  MOW  A, 


176  From  a  model  in  the  United  States  National  Museum 


A  BEEHIVE  COKE  OVEN 

Closed  ovens  are  now  generally  used  in  making  coke.  The  most  familiar  type  of  coke  oven  is  known  as  the 
“beehive.”  “An  oven  is  charged  through  the  top  with  five  tons  of  coal,  filling  it  to  the  height  of  the  brick¬ 
work  in  the  front  opening,  and  the  charge  is  gradually  brought  to  distillation  temperature  by  the  heat  com¬ 
municated  from  the  adjoining  ovens.  The  escaping  gases  ignite  and,  burning  in  the  dome  of  the  oven,  increase 
the  heat,  thus  continuing  the  process  of  contributing  heat  as  that  in  the  adjoining  ovens  diminishes.  The 
entrance  of  air  being  above  the  coal  bed,  combustion  is  kept  confined  largely  to  the  gases  in  the  dome.  After 
48  or  72  hours  the  residual  coke  is  quenched  with  water,  withdrawn,  and  a  fresh  charge  of  coal  introduced.”  — 
Bulletin  102,  United  States  National  Museum.  This  method,  as  the  diagram  shows,  is  less  wasteful  than  the 
earlier  one,  but  it  is  nevertheless  unsatisfactory:  it  not  only  wastes  most  of  the  valuable  properties  of  coal, 
but  also  injures  the  neighborhood  in  which  the  coke  is  manufactured.  Its  advantages  are  the  relative  sim¬ 
plicity  of  construction  and  operation  together  with  the  excellence  of  the  product. 


General  Appearance  ol  a  Wasteful  Beehive  Coke  Oven,  courtesy  of  the  Mt.  Pleasant  (Pa.)  Coke  Co. 
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178  From  a  wash  drawing  after  a  panel  In  the  United  States  National  Museum 


BY-PRODUCT  COKING  OPERATIONS 

Wastefulness  has  from  the  beginning  been  a  characteristic  of  American  civilization.  When  our  vast  national 
supplies  of  coal  were  realized,  little  effort  was  made  to  utilize  fully  the  wealth  contained  in  the  black  lumps. 
The  modern  method  of  producing  coke  is  by  the  “by-product”  coke  oven.  This  saves  every  particle  of  useful 
matter  in  the  coal,  and  is  so  little  of  a  nuisance  that  it  may  be  set  up  in  a  city.  The  most  impressive  feature 
of  the  process  is  the  purely  mechanical  progress  of  the  operations  through  their  elaborate  complexity. 

“The  coal-hoist  (1)  elevates  the  coal  to  the  bins  (2)  from  which  it  is  fed  by  means  of  chutes  into  the  charging 
car  or  “larry”  (3).  The  larry  is  provided  with  a  number  of  chutes  corresponding  to  the  series  of  openings  (4) 
in  the  oven  chamber  (5).  The  ovens  are  long  narrow  rectangular  chambers  some  35  feet  long,  20  inches  wide, 
and  6  feet  high,  placed  side  by  side  in  batteries  of  50  or  more.  Thus  an  entire  battery  may  be  charged  by  a 
single  larry  operating  along  a  track  on  top  and  from  a  single  storage  bin.  On  another  track  in  front  of  the 
battery  a  device  known  as  a  coke-pusher  (11)  moves  to  and  fro  opening  doors  in  the  front  ends  of  the  ovens  and 
pushing  the  finished  coke  out  along  a  guide  (12)  to  a  car  (13)  both  of  which  operate  along  the  back  end  of  the 
battery  in  coordination  with  the  pusher.  From  the  car  the  coke  is  dumped  into  the  pit  (14)  from  which  it  is 
elevated  to  the  coke  bins  (15)  for  screening  and  sizing  preliminary  to  shipment.  The  gases  ascend  through  the 
pipes  (6  and  7)  into  the  main  (8)  leading  to  pit  (16)  where  liquors  condensing  in  transit  are  drawn  off.  Con¬ 
tinuing  through  the  tar  extractor  (17)  the  gases  are  forced  by  the  exhauster  (18)  through  the  final  tar  extractor 
(19)  and  thence  through  the  preheater  (20)  into  the  sulphuric  acid  tank  (23).  Here  the  free  ammonia  combines 
with  the  acid  to  form  ammonium  sulphate.  The  purified  gas  is  piped  through  (44)  to  storage  (43).  The 
remaining  liquid  passes  through  the  acid  separator  (22),  the  acid  from  there  going  to  the  acid  pot  (24)  and 
the  acid  free  liquor  to  the  drier  (25).  The  ammonium  sulphate  is  here  solidified  and  goes  to  storage  (32).  The 
other  ammonium  compounds  join  the  liquor  which  has  been  previously  drained  into  the  pit  (16).  This  liquor 
meanwhile  has  been  pumped  through  the  tar  separating  tank  (39)  whence  the  tar  goes  to  storage  (40)  and  then 
to  shipping  (41)  in  the  tank  car  (42).  The  dilute  ammonium  separated  from  the  tar  goes  to  storage  in  (38), 
then  pumped  to  the  tank  (28),  through  the  ammonium  still  (26)  where  free  ammonium  is  removed,  and  into 
the  fixed  ammonia  still  (27)  where  it  is  joined  by  the  liquor  from  the  sulphate  operation.  From  (26)  the  free 
ammonia  liquor  goes  to  the  return  flow  cooler  (30)  then  through  the  final  cooler  (29)  to  shipping  tank  (36) 
for  shipment  in  the  tank  car  (37).  Gas  from  the  storage  tank  (43)  is  led  by  the  pipe  (9)  to  the  ovens  where  it 
is  used  for  heating  the  oven  chamber  when  the  next  batch  of  coke  is  made.”  —  Bulletin  102,  United  States 
National  Museum. 


179  A  Bank  of  By-product  Coke  Ovens,  from  a  photograph  by  the  United  States  Bureau  of  Mines 
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BRITISH  MINERS 

Industry  has  a  human  as  well 
as  a  technical  side.  The  risks 
and  uncertainties  of  mining,  and 
the  importance  of  the  industry  in 
the  national  welfare  combine  to 
throw  the  life  of  the  miner  into 
high  relief.  Our  earliest  miners 
were  from  the  British  Isles; 

Scotchmen,  Welshmen,  and  Eng¬ 
lishmen,  wdio  had  gained  their 
experience  in  the  coal  mines  of 
Great  Britain  and  easily  adapted 
themselves  to  the  American 
industry.  Even  now  many  of 
these  miners  are  to  be  seen  in  our  coal  fields,  but  they  generally  hold  executive  positions. 


180 


From  photographs  by  Lewis  W.  Hine 


AN  IRISH  MINER 

In  the  ’fifties  large  numbers  of  Irish  immigrants  came  to  America  and,  in 
the  next  decade,  they  began  to  go  into  the  coal  fields.  Intelligent  and  ener¬ 
getic,  they  won  a  place  for  themselves  in  the  growing  industry,  though  not  so 
skilled  in  mining  as  their  predecessors  from  the  British  Isles.  In  the  ’seventies 
some  of  them  in  northeastern  Pennsylvania  combined  into  a  secret  organiza¬ 
tion  known  as  the  Molly  Maguires,  which  terrorized  the  district  for  many 
years. 

A  MOLLY  MAGUIRE  MEETING,  1874 
In  1875  the  Molly  Maguires  completely  dominated  the  mining  classes  of  the 
Pennsylvania  coal  regions.  Taking  the  law  into  their  own  hands  they 
instituted  a  reign  of  terror  which  was  finally  ended  when  sufficient  evidence 
had  accumulated  in  the  hands  of  the  state  to  warrant  the  arrest  and  prosecu¬ 
tion  of  the  leaders.  The  story  of  the  Irish  detective,  James  McPharlan,  who 
Lewis  w.  Hine  joined  the  order  to  spy  upon  its  members,  rose  to  prominence  m  it,  and 

finally  in  an  exciting  trial,  exposed  the  order  and  secured  the  conviction  of  its  leaders  is  one  of  the  great 
detective  stories  in  American  history.  Of  late  the  Irish,  like  the  Scotch  and  Welsh,  are  primarily  foremen, 
superintendents  or  labor  leaders. 
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CZECHO-SLOVAKS  AMONG  THE  MINERS 
The  miners  of  to-day  are  composed  of  the  mixed  nationalities  of  central  and 
southern  Europe,  the  Slavic  and  Latin  strains  predominating  among  the 
workers.  Coal  mining  is  largely  an  immigrant  industry  and  its  operatives 
usually  come  from  the  prevailing  immigrant  type. 


183  A  Czecho-SIovak  Type,  from  a 
photograph  by  Lewis  W.  Hine 


THE  MINER  AND 
HIS  TOOLS 

The  most  picturesque  item 
in  the  miner’s  equipment  is 
his  lamp.  Without  light  un¬ 
derground  operations  would 
be  almost  impossible.  For 
the  most  part  miners  use 
the  time-honored  torchlight  184  From  a  photograph  by  the  United  States  Bureau  ol  Mines 

in  their  caps,  generally  little  cans  of  kerosene  with  open  exposed  wicks.  Besides  the  cap,  he  must  have 
picks  and  shovel,  bars  for  drilling  the  holes  for  his  explosive,  and  a  sign  to  give  warning  of  the  blast,  a 
sledge  for  breaking  lumps,  an  ax  to  aid  in  the  work  of  timbering,  his  explosives  and  —  not  the  least  — 
his  dinner  pail.  To  get  all  this  equipment  to  the  place  of  working  underground  is  a  task  in  itself. 
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From  a  photograph  by  the  United  States 
Bureau  ol  Mines 


THE  ELECTRIC  CAP  LAMP 
Some  miners  use  cap  lights  supplied  with  gas  from  an  acety¬ 
lene  tank  strapped  to  the  waist.  Similarly  electric  batteries 
are  worn  at  the  waist  and  wired  to  an  electric  bulb  worn  on 
the  cap. 

BOY  DOOR  TENDERS 

To  the  man  working  underground  ventilation  is  as  important  as 
light.  For  the  control  of  the  air  currents  within  the  mine,  doors 
were  at  an  early  date  placed  in  the  passageways.  Certain  of 
the  doors  had  to 


be  kept  open  and 
others  closed.  To 
insure  that  this 
was  done  boys  were 
hired  to  tend  the 
doors.  This  was 
one  of  the  few 
places  in  the  mine 
where  child  labor 
was  possible  and 
profitable.  It  is 
now  prohibited  by  law,  and  as  a  result  the  doors  are  adjusted 
by  the  miners  themselves,  or  by  men  door  tenders  and  auto¬ 
matic  door  controls. 


186  From  Harper's  Weekly,  Feb.  22,  1873 
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THE  LUNGS  OF 
THE  MINE 
To  deliver  fresh  air  to  the 
mine  and  remove  foul  air 
huge  fans  are  erected  at 
the  surface.  In  the  min¬ 
ing  country  a  traveler 
passing  perhaps  through 
a  wooded  country  of 
rolling  hills  will  come 
suddenly  upon  a  low  fan- 
house,  the  only  indication 
in  sight  that  beneath  the 
surface  are  the  passage¬ 
ways  of  a  great  mine 
extending  far  from  the 
entrance  shaft.  The 
droning  fan  makes  possible 


187  A  Ventilating  Fan  Station,  courtesy  ol  the  Jeffrey  Manufacturing  Company 

life  and  work  underground. 


KEEPING  WATER  OUT  OF  THE  MINE 


A  hazard  of  the  miner’s  life  is  the  constant  danger  of  a  flooded  mine, 
is  installed  in  the  mines  and  is  always  at  work  drawing  out  the,  water. 


188  From  a  photograph  by  the  United  States  Bureau  of  Mines 


DAVY’S  SAFETY  LAMP,  1815 
Aside  from  water,  another  source  of  never  ending  danger  is  the 
explosive  gas  that  seeps  into  the  mine  from  the  coal  seams.  In 
testing  for  the  presence  of  gas  and  as  a  precaution  in  entering  un¬ 
tested  places,  the  safety  lamp  is  used.  The  lamp,  first  made  prac¬ 
ticable  by  the  famous  British  scientist,  Sir  Humphry  Davy,  is  con¬ 
structed  upon  the  principle  that  a  flame  shielded  by  a  close  wire 
mesh  does  not  readily  ignite  gas  upon  the  other  side  of  the  mesh. 
Every  group  of  miners  has  at  least  one  safety  lamp,  and  mine  rules 
call  for  its  exclusive  use  in  dangerous  or  doubtful  situations. 


To  prevent  this,  pumping  machinery 
From  the  anthracite  mines  is  pumped 
more  water  daily  than  New  York 
City  uses.  Since  the  pumps  must 
operate  whether  any  coal  is  mined  or 
not,  stoppages  of  work  are  costly. 


189  From  the  original  in  the  South 
Kensington  Museum 
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THE  DAVY  LAMP  IN  USE 


A  fire  boss  is  testing  for  the  presence  of  gas  by 
watching  the  Davy  lamp.  When  gas  is  dangerously 
abundant  the  flame  will  flicker  although  it  will  not 
ignite  the  gas,  due  to  the  intervention  of  the  wire 
gauze.  Although  this  is  an  old  picture,  the  lamp  and 
its  use  are  the  same  to-day.  Every  morning  before 
the  miners  go  to  their  work  places,  the  mines  are 
tested  for  the  presence  of  gas.  One  of  the  tasks  in 
mine  ventilation  is  the  safe  removal  of  such  explosive 
gases.  The  care  taken  to  guard  against  poisonous 
gas  is  but  an  illustration  of  the  endless  precautions 
that  are  necessary  to  protect  the  lives  of  the  men 
who  work  underground. 


SPRINKLER  CAR  AT  MINE  ENTRANCE 
Mine-dust  is  likewise  a  dangerous  explosive,  espe¬ 
cially  in  winter  when  the  air  and  the  mine  are  dry. 
One  way  of  settling  dust  is  by  means  of  a  water 
spray.  Another  is  by  adding  noncombustible  dust, 
such  as  that  from  crushed  rocks,  to  the  air  currents 
in  the  mine.  A  dust  explosion  is  a  terrible  occurrence. 
The  men  close  at  hand  may  be  killed  or  badly 
wounded.  Others  in  distant  passageways  may  be 
imprisoned  as  a  result  of  falling  roofs.  Such  a 
disaster  calls  for  rapid  work  to  clear  the  obstruction 
and  reach  the  entombed  men  cut  off  from  food,  water 
and  air. 


190  From  Harper's  Weekly ,  Feb.  22,  1873 


USING  CANARIES  TO  DETECT  THE 
PRESENCE  OF  GAS 

Canaries  are  part  of  every  mine’s  equipment.  These 
birds  are  more  sensitive  to  dangerous  gases  than 
men.  By  observing  the  birds  in  suspected  gaseous 
areas,  men  are  warned  of  their  danger  before  real 
harm  occurs.  The  birds  are  revived  in  fresh  air, 
and  are  ready  for  further  life-saving  service. 
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Courtesy  of  Coal  Age 
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A  First-aid  Crew,  from  a  pbotograpb  by  tbe  United  States  Bureau  of  Mines 


THE  TRAGIC  SIDE  OF  MINING 

Coal  mining  is  one  of  the  most  hazardous  of  human  occupations.  From  two  thousand  to  three  thousand 
mine  workers  are  killed  at  wTork  each  year,  and  several  times  as  many  are  injured  more  or  less  seriously. 
Accidents  are  caused  by  falling  roofs,  mine  cars,  locomotives  and  feed  wires,  gas  or  dust  explosions,  and  un¬ 
expected  explosions  of  the  “ shots”  that  blow  down  the  coal.  In  preparation  for  accidents  miners  are  organ¬ 
ized  into  life-saving  groups,  trained  in  first-aid  measures.  There  is  much  rivalry  among  the  groups,  and  to 
foster  it  field  days  are  held  in  which  the  various  groups  compete.  Speed  and  efficiency  in  life-saving  methods 
are  the  tests  for  which  coveted  awards  are  given.  Some  mines  have  fully  equipped  hospitals  within  the 
mine  itself. 

Since  many  accidents  are 
the  result  of  ignorance  or 
carelessness,  intensive  edu¬ 
cation  of  mine  workers  in 
the  hazards  of  their  trade, 
and  in  the  rules  of  first 
aid,  has  of  late  years  been 
undertaken.  One  of  the 
means  of  spreading  knowl¬ 
edge  is  a  car  owned  by 
the  United  States  Bureau 
of  Mines,  equipped  with 
safety  and  life-saving  de¬ 
vices.  Each  of  the  prin¬ 
cipal  mining  areas  has  one 
of  these  cars  and  they  are 
used  not  only  in  demon¬ 
strating  safety  measures, 
but,  in  case  of  calamity,  are 
rushed  to  the  scene  for 
actual  work  in  life-saving. 
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From  Harper's  Weekly,  Feb.  22,  1873,  after  a  drawing  by  Frenzeny 


THE  MINER’S  PAY  DAY 

The  home  life  of  the  miner  presents  many  social  problems  not  found  in  other  communities.  Among  the 
factors  which  enter  into  his  life  are  the  difficulties  and  hazards  of  his  occupation,  his  segregation  in  com¬ 
munities  inhabited  almost  exclusively  by  men  of  his  own  trade,  and  the  fact  that  the  political  and  economic 
destinies  of  these  communities  are  often  in  the  hands  of  the  mine  owner.  The  situation  is  complicated  by  the 
fact  that  miners  are  all  paid  at  one  time  and  sometimes  at  relatively  long  intervals.  Pay  day  is  a  day  of  mixed 
emotions.  Joy  of  accomplishment  rewarded,  anticipation  of  purchases  long  denied,  and  surging  lust  for 
license  all  may  be  sensed  in  the  crowd  around  the  paymaster.  These  feelings  too  are  shared  by  the  workers’ 
wives  and  families.  Many  a  wife  fears  pay  day  as  much  as  she  hopes  for  it.  When  times  are  bad  with  the 
mines,  the  communities  of  miners  where  all  are  dependent  upon  the  same  source  of  income  are  desolate 
indeed. 

THE  OLD  METHOD  OF  PAY  CALCULATION 
One  of  the  most  fruitful  causes  of  industrial  dispute  has  been  the  method  of  paying  the  miner  for  his  work. 
To-day  miners  are  paid  by  the  weight  of  the  coal  mined  and  the  weighing  is  done  jointly  by  representatives 
of  the  company  and  of  the  miners.  The 
old  method  was  to  give  each  miner  metal 
tags,  one  for  each  car  of  coal.  The  miner 
attached  his  tag  to  the  car  which  he  filled. 

When  it  arrived  at  the  opening  leading 
to  the  surface,  the  tag  was  taken  off  and 
hung  on  a  hook  assigned  to  the  miner. 

His  pay  was  calculated  on  the  basis  of 
the  number  of  tags  on  his  hook,  a  method 
inexact  and  giving  unlimited  opportunity 
for  chicanery.  Quarrels  and  ill  feeling 
between  management  and  employees 
were  the  inevitable  result  of  this  rude 
system  of  measuring  the  work  the  miner 
had  accomplished. 


196  From  Harper's  Weekly,  Feb.  22,  1873 
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Ideal  Living  Conditions 


MINERS’  HOMES 

The  usual  mining  village  is  composed  of  plain,  serviceable  buildings,  often  standing  starkly  in  rows  with  no  at¬ 
tempt  at  variation  or  decoration.  There  are  cozily  built  cottages  as  well,  but  few  miners  below  the  rank  of  fore¬ 
men  occupy  such  dwellings.  On  the  other  hand  one  frequently  finds  unpleasant  housing  conditions  in  the 
mining  regions. 


Four  photographs  by  the  United  States  Bureau  of  Mines 
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“SNOW-BIRDS” 

Unlike  the  anthracite  mines,  which  are  highly  local¬ 
ized,  operated  by  large-scale  methods,  owned  by  eight 
large  companies,  and  operated  profitably  three  hun¬ 
dred  days  a  year,  the  bituminous  mines  are  found  in 
thirty  states,  run  by  five  thousand  different  operators, 
employing  generally  less  than  twenty  men  each, 
seldom  as  a  whole  making  money,  and  idle  from  half 
to  a  third  of  a  year.  One  of  the  causes  of  this 
contrast  is  the  ease  of  mining  bituminous  coal.  In 
many  places  it  lies  near  the  surface,  and  a  farmer  with 
201  Farmer  and  Sons  Digging  Coal,  courtesy  of  Coal  Age  IaiS  team  Can  get  Supplies  of  COal  as  easily  as  loading 

sand.  During  the  winter  months  when  the  demand  is  greatest,  the  price  of  bituminous  coal  advances.  This 
fact  encourages  scores  of  individuals  to  start  mining  operations.  These  “snow-birds,”  as  they  are  called,  are 
always  on  a  small  scale,  inefficient,  and  crudely  operated.  They  completely  disrupt  the  bituminous  industry, 
and,  largely  because  of  their  presence,  the  nation  is  overequipped  with  mining  facilities.  In  fact,  we  have 
the  facilities  to  produce  yearly  two  hundred  million  tons  more  than  we  can  use.  To  mine  this  coal  we  hold 
in  reserve  175,000  more  miners  than  we  need,  an  enormous  waste  of  man  power.  These  men  have  to  live, 
so  their  daily  rate  of  pay  is  necessarily  high  to  compensate  them  for  the  many  days  they  do  not  work. 
This  factor  adds  to  the  price  of  coal.  The  winter  peak  demand  also  puts  a  strain  on  the  railroads  at  the  very 
time  they  are  taxed  to  move  crops  and  have  difficulties  in  contending  with  the  weather.  In  the  summer  the 
railroads  lose  money  because  their  cars  stand  idle  on  sidings. 
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Dog-Power  Transportation,  courtesy  of  Coal  Age 


203  Trenching  for  Coal,  Colorado,  from  a  photograph  by  the  United  States  204  Wagon  Mine,  Utah,  from  a  photograph 

Geological  Survey  by  the  United  States  Geological  Survey 
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HERO’S  STEAM  DEVICE,  ca.  50  A.D. 

Long  before  coal  became  the  chief  source  of  steam  power,  experimenters 
were  delving  into  the  strange  behavior  of  steam  when  it  was  produced, 
released,  or  directed  in  certain  devices.  Among  the  earliest  recorded  steam 
mechanisms  is  that  of  Hero  of  Alexandria,  said  to  have  been  made  about 
50  a.d.  This  was  a  device  in  which  a  water  vessel  was  heated  by  fire, 
making  steam  which,  passing  through  two  vertical  hollow  standards, 
entered  a  ball.  The  steam  escaped  from  the  ball  through  tangential 

nozzles  that  caused  the  ball 
to  rotate.  This  and  other 
steam  devices  invented  by 
Hero  were  never  more  than 
toys.  They  served,  never¬ 
theless,  to  make  clear  that 
power  is  resident  in  steam 
and  suggested  that  one  day 
mechanical  devices  might 
be  made  to  control  that 
energy. 
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From  a  model  in  the  United 
States  National  Museum 


STEAM  DEVICE  OF  GIOVANNI  BRANCA,  1629 
In  1629  an  Italian  named  Branca  invented  another  steam 
device.  He  made  steam  in  a  vessel  shaped  like  a  man’s  head. 
The  steam  issued  from  a  blowpipe  in  the  figure’s  mouth 
and  struck  against  the  vanes  of  a  wheel,  causing  it  to  revolve. 
The  wheel  in  turn  was  geared  to  a  shaft  which  was  arranged  to 
lift  alternately  two  pestles  for  crushing  grain  in  a  mortar. 
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From  a  model  In  the  Deutsches  Museum, 
Munich 


STEAM  FOUNTAIN  OF  THE  MARQUIS 
OF  WORCESTER,  1663 
The  next  use  of  steam  is  typified  by  the 
engine  constructed  by  Edward  Somerset, 
Marquis  of  Worcester.  Upon  the  basis  of 
a  patent  issued  to  him  in  1663,  he  built, 
about  1668,  and  put  into  successful  operation 
at  Raglan  Castle,  Vauxhall,  a  steam  engine 
to  force  a  jet  of  water  into  the  air.  Upon  the 
description  of  an  eyewitness  a  restoration  has 
been  made.  The  machine  had  four  essential 
parts.  One  was  a  boiler  (1)  where  steam  was 
created.  From  the  boiler  the  steam  was 
carried  to  the  top  of  a  cylinder  (2)  containing 
water.  The  pressure  of  the  steam  upon  the 
surface  of  the  water  forced  the  water  to 
escape  upwards  through  a  tube  (3).  The 
water  was  maintained  in  the  cylinder  from  a 
reservoir  (4). 
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From  a  problematical  restoration  in  the  South  Kensington 
Museum,  London 
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DENIS  PAPIN’S  ATMOSPHERIC  STEAM 
ENGINE,  1690 

The  engines  which  first  became  commercially  successful  were  those 
operated  by  means  of  a  cylinder  and  piston.  The  germ  of  this 
principle  had  appeared  in  the  experiments  of  the  Marquis  of 
Worcester  and  also  in  those  of  another  Englishman  by  the  name  of 
Thomas  Savery.  But  the  honor  of  introducing  the  first  practical 
steam  engine  having  a  cylinder,  piston,  and  even  a  safety  valve, 
belongs  to  Denis  Papin,  a  French  physicist  and  doctor,  who  made 
many  other  contributions  to  the  science  of  physics.  Papin  in 
1690  proposed  a  thin  topped  cylinder  fitted  with  a  piston  provided 
with  a  rod  on  which  was  a  latch.  Water  in  the  cylinder  was 
externally  heated  and  steam  generated  to  force  the  piston  upward 
where  in  its  topmost  position  it  was  retained  by  the  latch.  When 
the  fire  was  removed  the  steam  condensed  so  that  the  piston  fell 
with  such  force  as  to  enable  it  by  an  attached  rope  to  lift  a  weight. 

NEWCOMEN’S  ENGINE 

Thomas  Newcomen  is  credited  with  the  invention  of  the  steam 
engine  that  started  the  series  of  inventions  ending  with  Watt. 

Newcomen’s  engine  consisted  of  a  steam  cylinder  and  piston  actu- 

which  a  pump  rod  was 
attached  which  oper¬ 
ated  the  pumps  for  lift¬ 
ing  water  from  a  mine. 

Newcomen’s  original  engine  was  invented  in  1705,  and  was  first 
used  for  the  pumping  of  mines  about  1711. 

Newcomen’s  engine  was  not  actuated  by  the  expansion  of  steam 
against  the  piston,  for  this  was  raised  by  the  counterweights  of  the 
beam  and  sucked  steam  into  the  cylinder  at  about  atmospheric 
pressure.  When  the  piston  was  at  its  highest  point,  the  steam 
supply  valve  was  closed  and  a  water  valve  opened.  The  water 
flowed  into  the  cylinder  containing  the  steam  which  was  thereupon 
condensed.  This  lowered  the  pressure  by  vacuum  below  that  of 
the  atmosphere 
and  caused  atmos¬ 
pheric  pressure  to 
push  the  piston 
down,  thus  lifting 
the  counterweight 
and  pump  rod. 


ating  a  beam  from  the  opposite  end  of 


209  From  a  model  by  Wilbur  DecKer, 

Minneapolis 


208  From  a  model  in  the  United  States 
National  Museum 


A  NEWCOMEN  ENGINE,  ERECTED  IN  1712 
Newcomen,  with  the  assistance  of  John  Cawley  and  Thomas 
Savery,  improved  his  engine.  According  to  the  generally 
accepted  story,  a  boy,  Humphrey  Potter,  tired  of  his  job 
of  opening  and  closing  the  steam  and  water  valves,  connected 
the  valve  gear  with  the  engine  by  cords  so  as  to  do  auto¬ 
matically  what  he  had  been  paid  to  do  by  hand.  With  this 
idea  incorporated  and  other  improvements  suggested  by 
Smeaton  and  others,  Newcomen’s  engine  came  into  quite 
general  use  throughout  Europe.  The  engine  shown  in  this 
engraving  is  believed  to  be  the  first  constructed  by  Newcomen 
which  contains  the  self-acting  valve  gear. 
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From  an  engraving,  1719,  by  T.  Barney,  in  the 
South  Kensington  Museum 
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WATT’S  SEPARATE  CONDENSER,  1775 
Watt’s  first  great  contribution  to  steam  engineering  was  his  invention 
of  the  separate  condenser.  He  saw  that  the  alternate  heating  and  cooling 
of  the  Newcomen  engine  caused  an  excessive  consumption  of  steam  and  a 
slow  moving  engine.  In  order  that  the  cylinder  should  always  “be  as  hot 
as  the  steam  that  entered  it”  he  closed  it  and  provided  a  separate  con¬ 
densing  vessel  into  which  the  steam  was  led  after  it  raised  the  piston.  He 
installed  an  air-tight  jacket  to  maintain  the  heat  of  the  cylinder  and 
added  a  tight  packing  in  the  cylinder  head  for  the  piston  rod  to  move 
through,  together  with  a  steam-tight  stuffing  box  on  top  of  the  cylinder. 
Then  he  alternated  the  admission  and  condensation  of  steam  upon  both 
sides  of  the  piston,  giving  twice  the  power  strokes  and  increasing  the  speed  of  the  engine.  Watt  next  devised 
a  crank  for  changing  the  reciprocating  motion  of  the  piston  rod  into  a  rotary  motion.  In  short,  most  of 
the  essential  features  of  the  modern 
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From  the  original  experimental  model 
in  the  South  Kensington  Museum 


reciprocating  steam  engine  were 
first  established  by  Watt. 


JAMES  WATT,  1736-1819, 

FATHER  OF  THE  STEAM  ENGINE 
James  Watt,  a  Scotsman  born  at  Greenoch,  January  19,  1736, 
chose  the  trade  of  mathematical  instrument  maker  and  spent  a 
year  in  study  for  it  at  London.  Returning  to  Glasgow  and 
setting  up  in  business,  he  was  appointed,  in  1757,  instrument 
maker  for  the  University  of  Glasgow.  A  model  of  Newcomen’s 
engine  which  he  was  asked  to  repair  started  him  upon  an  ex¬ 
haustive  study  of  the  proper¬ 
ties  of  steam,  and  of  the  means 
of  producing  and  controlling  it. 
As  a  result  he  so  improved  New¬ 
comen’s  engine  that  he  had  a 
vital  share  in  bringing  about 
the  Industrial  Revolution,  and 
is  hailed  as  the  creator  of  the 
modern  steam  engine.  He  died 
in  England,  August  25,  1819, 
a  prosperous,  influential  and 
esteemed  citizen. 


211  From  the  portrait  by  Charles  Frederick  von  Breda 
(1759-1818),  in  the  National  Portrait  Gallery,  London 


OLD  WATT  ENGINE 
ERECTED  IN  1776 
A  famous  Watt  engine,  which  at 
first  glance  might  be  mistaken  for 
one  of  Newcomen’s,  was  built  in 
1776  and  was  in  service  for  one 
hundred  and  twenty  years.  In 
1898  it  was  removed  to  Tipton, 
where  it  was  reerected  and  pre¬ 
served  as  a  memorial  of  the  early 
davs  of  steam  engineering.  With 
such  clumsy  devices  began  the 
development  which  has  resulted  in 
those  marvels  of  inventive  skill 
which  furnish  so  much  of  the  mo¬ 
tive  power  of  the  twentieth  century. 
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Courtesy  of  W.  T.  Avery,  Ltd.,  London 
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CYLINDER  OF  THE  FIRST 
STEAM  ENGINE  IN  AMERICA 
Watt’s  engine  was  received  with  enthusiasm  by  the 
world’s  mechanics  and  engineers.  The  first  steam 
engine  erected  in  America  was  a  Watt  engine.  This 
engine  was  imported  from  England  in  1753  by  Colonel 
John  Schuyler  for  the  purpose  of  pumping  water  from 
his  copper  mine  opposite  Belleville,  near  Newark, 
New  Jersey.  The  engine  was  brought  to  America  by 
Josiah  Hornblower,  of  a  famous  family  of  British 
engineers,  and  uncle  of  Jonathan  Hornblower,  Jr., 
who  invented  the  compound  engine.  Josiah  Horn¬ 
blower  probably  had  something  to  do  with  the 
building  of  the  engine  he  imported.  Finding  the 
American  environment  agreeable  he  decided  to  settle 
here  and  for  many  years  he  was  in  charge  of  the  mines 
at  Belleville.  During  the  Revolution,  the  engine  house 
and  mine-works  were  destroyed  by  fire  but  were  rebuilt 
in  1794.  Hornblower  played  an  honorable  part  in  the 
American  Revolution  and  following  the  war  was  a  mem¬ 
ber  of  Congress  and  later  Judge  of  the  Essex  County 
Common  Pleas  Court.  A  cylinder  is  all  that  is  left 
of  the  original  engine  brought  over  by  Hornblower. 


214  From  the  original  In  the  United  States  National  Museum 
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215  From  the  original  drawing,  courtesy  of  the  Bureau  of  Water, 

Philadelphia 


ENGINE  AT  THE  PHILADELPHIA 
WATERWORKS,  1800 
Progress  in  steam  engine  construction  in  the 
United  States  was  not  rapid.  In  May,  1803, 
Benjamin  H.  Latrobe,  the  famous  American 
architect,  read  a  paper  before  the  American 
Philosophical  Society  at  Philadelphia  in  re¬ 
sponse  to  a  query  as  to  “whether  any,  and 
what  improvements  have  been  made  in  the 
construction  of  steam  engines  in  America.” 
According  to  Latrobe  the  only  engines  of  any 
considerable  power  at  that  time  working 
in  America  were  the  following:  At  New  York 
there  was  an  engine  belonging  to  the  Man¬ 
hattan  Water-power  Company  to  supply  the 
city  with  water;  also  one  belonging  to 
Nicholas  J.  Roosevelt  to  saw  timber;  at 
Philadelphia  two,  city-owned,  for  supplying 
water.  The  drawings  for  the  Philadelphia 
engines  were  made  by  Frederick  Graff,  who 
was  then  the  draftsman  for  the  Philadel¬ 
phia  Waterworks.  The  construction  of  the 
first  of  these  engines,  that  for  the  Center 
Square  station,  was  commenced  in  the  year 
1800  in  Belleville,  at  the  Soho  works  of 
Nicholas  J.  Roosevelt,  who  had  been  con¬ 
nected  with  the  Hornblower  mine  and  had 
even  made  a  copy  of  the  Hornblower  engine. 
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OLIVER  EVANS,  1755-1819,  THE  WATT 
OF  AMERICA 

Oliver  Evans  may  be  said  to  be  America’s  first  great 
engineer.  In  his  studies  and  experiments  in  the  use 
of  water  power  he  invented  a  series  of  devices  for 
flour  milling  which  revolutionized  that  business.  In 
addition  he  did  much  to  inaugurate  modern  methods 
of  sawmilling.  In  the  domain  of  steam  he  is  im¬ 
portant  as  being  the  first  to  adopt  the  high-pressure 
principle  in  the  construction  of  steam  engines.  Evans 
put  his  engine  to  practical  use  in  driving  mill  ma¬ 
chinery. 

AN  EVANS  ENGINE,  1804 
Evans  had  a  plant  at  Philadelphia  where  he  manu¬ 
factured  steam  engines  of  the  type  invented  by  him. 

From  his  shop  in  1804  came,  among  others,  the 
“Oruktor  Amphibolos,”  the  first  steam  dredging 
machine  and  one  of  the  earliest  steam-driven  carriages. 

Evans  also  used  his  engine  for  steamboats,  flour 
milling  and  sawing  marble.  In  addition  to  the  engine 
itself  he  improved  the  old-style  spherical  boilers  by 
adding  to  a  horizontal  cylinder  boiler  two  longitudinal 
flues.  Evans  was  to  America  what  Watt  had  been  to 
Great  Britain. 

216  From  an  engraving,  about  1848,  by  W.  G.  Jackman 


BY  OLIVER  EVANS,  OF  PHILADELPHIA, 

AUTHOR  OF  THE  YOUNG  MILLWRIGHT  AND  MILLER’S  GUIDE. 


PHILADELPHIA: 

rilNTID  TOR  THE  AUTHOR  BY  TRY  AND  EAMkSRER. 


217  From  a  model  in  the  Franklin  Institute,  Philadelphia,  courtesy  of 

Dr.  G.  A.  Hoadley 

EVANS’  BOOK  ON  STEAM  ENGINES 
One  of  the  dreams  of  Oliver  Evans  was  to  write  a  book  on  the  steam 
engine  in  which  Americans  could  get  for  the  first  time  a  thorough 
description  of  how  engines  were  constructed  and  operated.  The 
work  as  planned  was  to  be  called  “The  Young  Engineer’s  Guide” 
and  was  to  contain  a  profusion  of  drawings  and  illustrations.  While 
engaged  in  writing  it,  he  was  unexpectedly  deprived  of  his  income  by 
a  refusal  of  Congress  to  extend  his  patent  rights  on  flour-milling  machinery.  He  was  obliged  to  reduce  the 
scale  of  his  book  and  “to  omit  many  of  the  illustrations  he  had  promised.”  He  wrote  his  bitterness  of  feeling 
into  the  title  of  the  book.  It  came  out  in  1805,  a  thin  volume  with  only  five  illustrations. 


THE  ABORTION 


YOUNG  STEAM  ENGINEER’S  GUIDE: 


An  Investigation  of  the  principles, 
const  uciion  and  powers  of  Steam 
Engines. 

A  description  of  a  Slcam  Engine  on 
new  principles  rendering  it  much 
more  powerful,  more  simple,  less 
expensive,  and  requiring  much 
less  fuel  than  an  engine  on  the 
the  old  construction. 


A  description  of  a  Machine,  and  it* 
principles,  for  making  Ice  and 
cooling  water  in  large  quantities, 
in  hot  countries,  to  make  it  pala¬ 
table  and  wholesome  for  drinking, 
by  the  power  of  Steam .  invented 
by  the  author. 

A  description  of  four  other  patented 
inventions. 
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Title-page  of  the  first  edition,  in  the 
Historical  Society  of  Pennsylvania 


88 


THE  PAGEANT  OF  AMERICA 


219  George  H.  Corliss,  1817-88,  from  a  photograph  in  the 
possession  oi  Miss  Marie  L.  Corliss,  Providence 


220  Plant  of  the  Corliss  Steam  Engine  Company,  Providence,  R.  I., 
from  an  engraving  by  Van  Slyck  &  Co.,  Boston 


THE  CORLISS  ENGINE 
Watt  had  devised  most  of  the  essential  features  of 
the  reciprocating  engine  and  later  engineers  merely 
perfected  and  adapted  his  inventions.  Among  the 
most  famous  of  the  later  engineers  was  George  H. 
Corliss,  inventor  of  the  engine  that  bears  his  name 
and  president  of  the  large  company  that  manufactured 
it.  Before  the  time  of  Corliss  the  governor  had  been 
directly  connected  with  the  throttle  valve,  but  Corliss 
connected  it  with  the  “cut  off.”  He  also  made  some 
valuable  improvements  in  the  valves  that  permitted 
the  building  of  very  large  engines  of  high  efficiency. 
To  sell  his  engines  Corliss  offered  to  take  in  pay  what 
was  saved  in  fuel  for  a  given  time.  One  buyer  paid 
four  thousand  dollars  on  these  terms  for  a  relatively 
small  installation.  The  plant  in  which  Corliss  built 
his  engines  at  Providence,  Rhode  Island,  became  in 
time  one  of  the  greatest  in  the  world. 


THE  CORLISS  ENGINE 
AT  THE  CENTENNIAL 
EXPOSITION 
The  most  famous  Corliss  en¬ 
gine  was  constructed  for  the 
Philadelphia  Centennial  Ex¬ 
position  in  1876.  Corliss  spent 
a  hundred  thousand  dollars 
of  his  own,  in  addition  to  the 
money  appropriated  by  the 
exposition,  in  constructing 
this  gigantic,  seven  hundred 
ton  machine.  Its  fourteen 
hundred  horse  power  turned 
the  machinery  of  the  exposi¬ 
tion.  The  starting  of  the 
Corliss  engine  was  one  of  the 
big  events  of  the  exposition. 
In  the  presence  of  a  brilliant 
array  of  notables,  the  Presi¬ 
dent  of  the  United  States  and 
the  Emperor  of  Brazil  set  the 
huge  machine  in  operation. 
The  exposition  engine  was 
purchased  by  the  Pullman 
Company  and  did  service  in 
their  Chicago  plant  for  more 
than  a  generation. 


221  From  Harper's  Weekly,  May  27,  1876,  alter  a  drawing  by  Theodore  R.  Davis 
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HORNBLOWER’S  COMPOUND 
ENGINE,  1781 

Since  the  time  of  Watt,  engineers  have  en¬ 
deavored  to  extract  every  bit  of  the  expansive 
power  of  steam  by  using  the  waste  steam  from 
one  cylinder  to  drive  the  piston  in  another. 

Thus  in  Watt’s  own  time,  Hornblower,  Woolf 
and  Faulk,  and  later  Sims  and  McNaught 
succeeded  with  compound  engines.  Kirk, 
about  1874,  carried  the  improvement  a  step 
farther  by  introducing  the  triple  expansion 
engine,  and  about  1890,  with  increased  steam 
pressures,  the  quadruple  expansion  engine 
became  common.  Adamson  and  Cowper 
were  prominent  among  the  engineers  who 
popularized  the  quadruple  engine.  Horn- 
blower’s  idea  was  to  admit  steam  at  high 
pressure  into  a  small  cylinder  where  in  ex¬ 
panding  it  moved  a  piston.  The  steam  was 
then  admitted  to  a  large  cylinder  where  in 
completing  its  expansion  it  moved  another 
piston.  The  same  steam  was  thus  made  to  do 
twice  the  work  done  by  a  one  cylinder  engine. 

These  multiple  expansion  engines  were  not 
only  economical  of  steam  and  heat  but  gave 
the  engine  a  steadier  motion,  and  reduced  the  maximum  load  upon  the  working  parts  by  the  reduction  of  the 
range  of  pressure  in  each  cylinder,  with  consequent  reduction  of  weight  in  construction. 
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From  Robert  H.  Thurston,  A  History  of  the  Growth  of  the  Steam-Engine , 
New  York,  1878 


A  MODERN  STEAM  ENGINE 


The  progress  of  the  stationary  steam  engine  has  been  connected  most  intimately  with  the  expansion  of 
manufacturing  industry  in  America.  Great  enterprises  require  equally  great  power  resources.  Inasmuch  as 
fifty-eight  per  cent  of  the  power  for  all  manufacturing  is  obtained  from  steam,  it  follows  that  the  steam  engine 
paces  manufacturing.  The  typical  modern  steam  engine  is  one  of  mammoth  size,  capable  of  producing 

enormous  power.  It  is 
most  frequently  seen  in 
those  states  that  combine 
large  manufacturing  in¬ 
terests  with  nearness  to 
great  coal  resources. 

Although  the  steam  en¬ 
gine  produces  much  of  the 
power  used  in  manufac¬ 
turing,  it  has  become  the 
prevailing  habit  to  con¬ 
vert  this  power  into  elec¬ 
tricity  for  transmission 
about  a  plant  and  employ 
it  with  separate  motors. 
As  a  result  the  completely 
typical  modern  steam  en¬ 
gine  is  not  only  a  large 
one,  but  one  directly  con¬ 
nected  with  a  dynamo. 

223  Courtesy  of  the  New  York  Edison  Company 


90 


THE  PAGEANT  OF  AMERICA 


THE  DE  LAVAL  STEAM  TURBINE,  1889 
In  ordinary  engines  the  push  of  the  steam  as  it 
expands  is  exerted  against  a  piston,  producing  a 
motion  forward  and  back.  Such  engines  are  called 
reciprocal.  A  special  type,  known  as  the  steam  tur¬ 
bine,  employs  not  the  expansive  power  of  steam,  but 
rather  its  speed  or  the  kick  as  it  issues  from  an 
opening.  Later  turbines  wrere  arranged  to  take 
advantage  of  the  expansive  power  of  steam  as  well. 
Turbines  have  a  rotary  rather  than  a  reciprocal  mo¬ 
tion.  As  reciprocating  engines  were  built  larger,  the 
costs  of  installation  and  operation  mounted.  The 
space  they  occupied  and  the  weight  of  the  machine 
also  increased  with  their  size.  The  turbine  has  the 
advantages  of  being  smaller,  more  compact,  simpler, 
faster,  and  more  economical  because  it  has  but  one 
moving  part  to  perform  every  essential  office.  Tur¬ 
bines  also  can  be  added  to  reciprocating  outfits  to 
run  on  exhaust  steam.  They  are  capable,  too,  of  being 
directly  connected  with  dynamos  or  other  machinery. 

The  first  modern  designer  of  steam  turbines  was 
Gustaf  de  Laval.  The  design  of  the  original  de  Laval 
turbine  was  completed  in  1889.  The  essential  features 
were  the  nozzles  (A)  in  which  the  steam  expanded, 
the  slender  shaft  (B)  on  which  the  wheel  (C)  was 
mounted  (one  inch  for  100  horse  power),  the  wheel 
(C)  or  disk  with  suitable  blades,  and  the  reducing 
gears  (D)  by  means  of  which  the  high  speed  of  the 
turbine  shaft  was  lowered  to  be  available  for  driving 
machinery.  The  large  size  of  the  gear  wheels  as  com¬ 
pared  to  the  turbine  wheel  itself  is  noteworthy.  A 
nineteen-inch  de  Laval  wheel  is  capable  of  developing 
100  horse  power,  and  if  unregulated  may  whirl  with 
sufficient  speed  to  tear  off  its  own  rim. 


225  Courtesy  of  C.  A.  Parsons  Company,  Ltd., 
Newcastle,  England 


SIR  CHARLES  A.  PARSONS,  1854- 
INVENTOR  OF  THE  COMPOUND  STEAM  TURBINE 
After  de  Laval  the  most  important  early  developer  of  the 
steam  turbine  was  Sir  Charles  Algernon  Parsons,  the  fourth 
son  of  William  Parsons,  Earl  of  Rosse.  Sir  Charles  not  only 
invented  the  compound  steam  turbine  that  bears  his  name 
but  also  a  condenser  for  this  engine.  Later  he  adapted  his 
engine  for  marine  use,  which  started  an  array  of  experiments 
and  machines  for  reducing  the  space  required  for  the  motive 
power  of  ships.  The  first  Parsons  marine  turbine  was  installed 
in  the  British  ship  Turbinia.  In  1912  Parsons  devised  the 
geared  turbine. 

Sir  Charles  is  not  only  an  engineer  with  an  inventive  mind, 
but  is  the  executive  head  of  the  C.  A.  Parsons  Company,  an 
engineering  and  electrical  manufacturing  company.  In  addi¬ 
tion  he  is  the  presiding  officer  of  the  Parsons  Marine  Steam 
Turbine  Company  and  an  executive  in  two  electrical  supply 
companies.  His  book  The  Steam  Turbine  was  for  a  long  time 
the  standard  authority  in  its  field. 


224  From  a  model  in  the  Deutsches  Museum,  Munich 
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226  Parsons’  First  Successful  Turbine,  1884,  from  the  original  In  the  South  Kensington  Museum 

THE  PARSONS  TURBINE 


The  Parsons  turbine,  built  first  in  1884,  differed  from  de  Laval’s  in  having  stationary  vanes  instead  of  nozzles, 
so  shaped  as  to  direct  steam  upon  moving  blades  just  as  nozzles  would.  Many  rows  of  moving  blades  were 
attached  to  the  cylindrical  surface  of  a  revolving  drum  called  a  rotor.  Furthermore,  the  de  Laval  turbine  made 

no  provision  for  the  expansion  of  the 
steam  in  the  moving  blades  while  the 
Parsons  machine  gave  as  much  expansion 
in  the  moving  blades  as  in  the  stationary 
vanes.  The  Parsons  turbine,  then,  was 
somewhat  like  a  series  of  separate  wheels 
all  attached  to  one  shaft.  These  wheels, 
varying  in  size,  operated  under  the  suc¬ 
cessively  lowered  pressures  of  the  steam 
as  it  varied  from  admission  to  exhaustion. 
A  similar  effect  was  gained  in  the  later  de 
Laval  turbines  only  by  constructing  them 
on  the  multiple  stage  principle. 

227  Parsons  Turbine  of  American  Manufacture,  courtesy  of  the  Westinghouse 
Electric  and  Manufacturing  Company,  East  Pittsburgh,  Pa. 


CURTIS  STEAM  TURBINES 
OF  EARLY  TYPE 

The  Curtis  steam  turbine,  patented  by  C.  G.  Curtis 
in  1895,  uses  nozzles  for  expanding  steam  before  the 
latter  reaches  the  wheel  buckets,  thus  resembling 
the  de  Laval  turbine.  The  complete  expansion  from 
boiler  to  exhaust  pressure,  however,  is  completed  by  a 
series  of  stages  as  the  steam  passes  through  a  succes¬ 
sion  of  chambers.  Each  chamber  is  separated  from 
the  others  by  diaphragms.  Each  chamber  contains 
one  bucket  wheel,  but  all  are  the  same  size,  differing 
from  the  Parsons  multiple  stage  arrangement  wherein 
the  blade  wheels  taper  from  small  to  large  sizes.  The 
Curtis  turbines  are  made  with  power  capacities 
ranging  from  20  horse  power  to  about  12,000  horse 
power. 


228  Courtesy  of  the  General  Electric  Company 
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TAPPING  THE  OIL  POOLS 

THE  need  which  first  made  petroleum  significant  was  that  of  illumination.  For 
many  centuries  candles  and  wicks  in  vegetable  oils  had  been  the  chief  modes  of 
lighting.  The  settlers  in  colonial  America  had  brought  the  art  of  candle  making 
from  the  homeland.  In  the  early  primitive  days  of  the  colonies  almost  every  household 
had  supplied  itself  with  this  indispensable  article.  Later  professional  chandlers  had 
appeared.  But  candles  were  not  the  only  method  of  lighting. 

Before  the  seventeenth  century  had  passed  the  whale  fishery  had  begun  along  the 
coast  of  what  was  destined  to  be  the  United  States.  In  the  eighteenth  century  ships  were 
pushing  out  from  whaling  centers  such  as  Nantucket  and  were  scouring  the  broad  ocean 
for  the  valuable  and  plentiful  prey.  In  the  first  half  of  the  nineteenth  century,  after  the 
fighting  of  the  War  of  1812  had  ceased,  whaling  increased  at  a  tremendous  rate.  The 
square  sails  of  American  whale  ships  became  familiar  sights  on  the  Pacific  and  Arctic 
oceans  as  well  as  on  the  Atlantic.  The  whales  were  yet  plentiful,  and  the  industry  grew 
until  it  reached  its  peak  in  the  eighteen  ’forties  and  ’fifties.  Whaling  was  profitable 
because  whale  oil  could  be  turned  into  a  useful  illuminant,  although  the  business  acquired 
several  other  saleable  by-products.  Then  the  day  of  the  whaler  suddenly  passed  when  a 
cheaper  and  better  illuminant  was  developed  from  petroleum. 

Through  many  ages  of  geologic  history  pools  of  oil  have  lain  beneath  the  surface, 
confined  above  and  below  by  rock  strata  through  which  the  liquid  could  not  pass.  From 
time  immemorial  in  America  Indians  and  later  the  white  men  who  came  to  exploit  the 
continent  observed  petroleum  seeping  out  at  the  surface  through  crevices  in  the  rocks  or 
bubbling  up  in  streams  and  pools.  Not  until  the  science  of  chemistry  was  well  advanced 
was  it  realized  that  wealth  lay  far  below  the  oily  surface  of  the  pools. 

The  dramatic  story  of  petroleum  begins  with  the  drilling  of  Drake’s  well  in  a  wild 
part  of  Pennsylvania  in  1859.  Picturesque,  bizarre,  pathetic,  romantic  and  humdrum 
features  are  all  to  be  found  in  the  story  of  oil.  Oil  has  not  displaced  coal  as  the  driving 
power  of  the  modern  industrial  world,  but  oil  is  to-day  one  of  the  great  prizes  for  which 
nation  contends  with  nation.  The  possession  of  its  waning  stores  spells  power. 

Not  as  an  illuminant,  however,  but  as  a  source  of  fuel  for  the  internal  combustion 
engine  has  petroleum  come  to  play  its  great  role  in  civilized  life.  Gasoline  and  the  gas 
engine  have  made  possible  the  automobile,  revolutionizing  modern  life,  and  leading  to 
the  conquest  of  the  air,  with  potentialities  still  undreamed  of. 
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From  the  motion  picture  The  World  Struggle  Jot  Oil,  produced  under  direction  of  the  Bureau  of  Mines 
Sinclair  Consolidated  Oil  Corporation  cooperating.  ©  1922,  E.  F.  Butler 


INDIANS  SKIMMING  OIL  FROM  A  CREEK 

Knowledge  of  petroleum  is  older  than  history.  The  Persians  knew  the  oil  fields  near  the  Caspian  Sea,  and 
being  fire  worshipers,  they  erected  temples  over  the  flames  issuing  perpetually  from  the  earth.  The  Indians 
of  America  also  knew  petroleum  long  before  white  men  discovered  the  continent;  they  used  it  as  a  medicine, 
even  internally.  They  collected  the  oil  by  skimming  surface  pools,  or  by  dipping  their  blankets  and  wringing 
the  oil  into  bowls.  Since  the  action  of  the  oil  upon  the  body  wTas  more  or  less  mysterious  to  the  Indians,  the 
places  where  oil  was  found  were  held  in  esteem  approaching  that  felt  for  sacred  ground. 


EARLY  MENTION  OF  OIL  IN  AMERICA 

The  earliest  mention  of  the  existence  of  petroleum  in  the  New  World  occurs  in  Sir  Walter  Raleigh’s  account 
of  the  Trinidad  pitch  lake,  written  in  1595.  Thirty-seven  years  later  the  account  of  a  visit  of  the  Franciscan 
father,  Joseph  de  la  Roche  d’Allion,  to  the  oil  springs  of  western  New  York,  was  published  in  Sagard’s  Histoire 
du  Canada.  In  1748  Peter  Kalm  in  his  Travels  into  North  America  indicated  on  a  map  the  oil  springs  of 
western  Pennsylvania. 
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A  “QUACK”  SELLING 
SENECA  OIL 

The  Indians  taught  the  whites  the  medicinal 
qualities  of  petroleum,  and  in  the  late 
eighteenth  and  early  nineteenth  centuries  it 
was  sold  in  drug  stores  or  by  itinerant  vendors. 
Usually  an  Indian  name  was  given  to  the  oil, 
and  it  was  advertised  as  an  Indian  remedy. 
The  most  common  name  was  that  of  “Seneca 
Oil.”  This  “Seneca  Oil”  had  the  same 
standing  among  the  whites  as  other  well- 
known  Indian  remedies  such  as  Snake  Oil, 
Skunk  Oil,  and  Bear’s  Grease. 
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From  J.  T.  Henry,  The  Earlier  and  Later  History  of  Petroleum ,  Philadelphia,  1873 


KIER  COMMERCIALIZES  PETROLEUM 
The  most  significant  commercialization  of  petroleum  as  medicine  was 
that  of  Samuel  M.  Kier,  a  Pittsburgh  druggist,  about  the  year  1848. 
Failing  in  this  venture,  he  turned  to  the  exploitation  of  oil  for  industrial 
purposes.  The  above  label  was  used  by  Kier  in  his  advertising  cam¬ 
paign  to  introduce  petroleum  as  a  medicine. 

PETROLEUM  AS  AN  ILLUMINANT 
Prior  to  Kier’s  experiment  with  petroleum  as  a  medicine,  a  new  illu- 
minant  had  appeared  on  the  Atlantic  coast  imported  from  the 
Canadian  provinces  by  Abraham  Gesner,  who  gave  it  the  name  of 
“kerosene.”  This  kerosene  distilled  from  shale  oil  impressed  Kier 
with  its  similarity  in  taste  and  smell  to  his  petroleum  medicine,  so  he 
scrapped  his  medicine  campaign  and  sold  his  petroleum  as  a  rival  illu- 
minant  to  kerosene.  About  the  same  time  another  American,  Colonel 
A.  C.  Ferris,  attempted  to  popularize  petroleum  as  an  illuminant. 
Kerosene  was  a  great  improvement  on  either  candles  or  whale  oil. 
As  lamps  for  burning  it  were  perfected  it  made  rapid  progress  in 
displacing  the  older  methods  of  lighting.  The  more  progressive  homes 
of  America  were  equipped  with  the  new  oil  lamps. 
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From  a  contemporary  photograph  taken  by  John  A.  Mather 


THE  FIRST  OIL  WELL 

The  success  in  selling  a  petroleum  illuminant  attracted  the  attention  of  capitalists  in  New  York  and  New 
Haven.  They  organized  a  company  to  procure,  manufacture,  and  sell  petroleum  illuminant  and  sent 
“Colonel”  Drake,  a  conductor  on  the  New  Haven  Railroad,  to  western  Pennsylvania  to  discover  oil.  Kier 
had  never  drilled  for  oil,  but  his  medicine  bottles  had  a  label  showing  a  salt-well  rig.  Seeing  this  fanciful 
picture,  the  New  Haven  capitalists  instructed  Drake  to  go  to  the  neighborhood  of  Kier’s  shallow  surface 
oil  pools  and  drill  for  oil  as  if  for  artesian  water.  A  derrick  was  erected  in  the  neighborhood  of  Titusville, 
Pa.,  and  in  the  year  1859  the  boring  for  oil  began.  In  the  photograph,  Drake,  wearing  a  silk  hat,  appears 
talking  to  his  friend  Peter  Wilson,  a  druggist  of  Titusville.  In  the  background  are  William  Smith,  Jr.,  and 
James  Smith,  sons  of  William  Smith,  a  salt-well  digger.  The  father  and  sons  did  the  actual  drilling  of  the  well. 


DRILLING  THE 
DRAKE  WELL 
After  weeks  of  the  most 
arduous  work  and  of  heart¬ 
rending  disappointments,  on 
August  27,  1859,  at  a  depth 
of  sixty-nine  and  one  half 
feet,  Drake  at  last  “struck 
oil.”  The  oil  rose  in  the 
well  to  within  a  few  feet  of 
the  surface.  A  pump  and 
tanks  were  secured,  and 
every  day  except  Sunday  the 
well  was  made  to  yield  from 
twenty  to  thirty  barrels. 
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From  tbe  motion  picture  The  World  Struggle  for  Oil.  ©  E.  F.  Butler 
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CROWD  VIEWING  DRAKE’S  WELL 
Upon  the  news  of  Drake’s  success  he  was  instantly 
transformed  from  a  fool  to  a  hero.  The  countryside 
flocked  to  the  well  to  see  with  its  own  eyes  the  sub¬ 
stance  behind  the  great  tidings  it  had  heard.  Men 
then  hastened  home  either  to  plan  to  win  fortunes 
from  their  own  ground,  or  to  give  up  their  occupations 
in  the  village  in  order  to  be  free  to  seek  sudden  wealth 
by  means  of  the  new  liquid  gold. 


OIL  CREEK  VALLEY  IN  1865 

Before  1859  the  neighborhood  of  Oil  Creek,  Pennsylvania,  had  been  a  remote  lumbering  region  sprinkled  with 
roughly  cleared  farms  that  yielded  a  living  only  by  unremitting  toil.  In  a  flash  this  region  became  the  center 
of  intense  life  and  was  besieged  by  new,  thronging  multitudes.  Farms  that  had  been  valued  at  ten  dollars  a 
square  mile  were  bartered  at  hundreds  of  dollars  a  square  inch.  The  price  was  not  for  the  land  but  for  the 
privilege  of  drilling  for  possible  oil  underneath.  Many  local  people  who  had  seldom  seen  as  much  as  ten  dollars 
at  once  had  riches  poured  into  their  laps  by  the  sale  of  their  lands. 


236  From  the  motion  picture  The  World  Struggle  for  Oil. 

©  E.  F.  Butler 


THE  RUSH  TO  OIL  CREEK 
But  the  countryside  was  not  the  only  recipient  of  the 
good  news.  The  discovery  flashed  over  the  nation. 
An  immediate  response  came  from  all  classes,  from 
poor  clerks  and  town  retailers,  from  underpaid 
preachers  and  teachers,  from  country  editors  and  city 
laborers.  Grubbing  toilers  and  failures  everywhere 
were  filled  with  a  new  hope.  Scores  of  them  threw  up 
their  jobs,  sold  their  businesses,  broke  up  their  homes, 
and  with  frantic  haste  swarmed  to  the  spot  where 
wealth  awaited  only  a  tapping  of  the  earth.  Hardy  adventurers  and  lovers  of  chance  were  here  also,  just 
as  they  had  been  in  California  some  years  before  and  just  as  they  were  soon  to  be  in  Alaska  and  the  dia¬ 
mond  mines  of  South  Africa.  Large  numbers  scattered  over  land  known  to  contain  oil.  Fields  became 
towns  overnight,  and  towns  became  cities  within  a  week.  Gamblers  and  crooks  of  every  description  soon 
followed  and  gave  a  flavor  to  life  which  greatly  resembled  that  of  the  gold  camps. 


237  From  Frank  Leslie's  Illustrated  Newspaper ,  Jan.  7,  1865, 
after  a  drawing  by  F.  H.  Schell 
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From  Frank  Leslie's  Illustrated  Newspaper,  Jan.  21,  1865,  after  a  drawing  by  F.  H.  Schell 


TAPPING  THE  OIL  POOLS 


97 


***» wjm  wOUa^  m* 

i  ttM  /four  yar.  ilivp  •rilt  .'If, 

^♦jaefeanK 

vW'i  »oi  Dl*s 

■  M»W 

y  ***•»*£ Me <  “  .  A** 

lAr/earftr*  «Vi*h. 


n*t&J 


Suffllitfs 


>.»*/<  A. 


ii|nchAUSJIn  &  COIL  CREEK  OH  COMPANY 


MliCHAUStH^OliUCW^ 
-  orU-ii  eun.'inuu4«m 

OIL  COMPANY. 

Vw*VW 


DIRECTORS. 

«assa& 


S'  **<V<  Wfer  Arf J7'  Airf 
-fhrefoopon. 


LULL’ 


it  1 1 


GULLTOWN  IN  AN  UPROAR!/ 

/  .'<*/•  'Wrt  .Vt/iitA'i/tyr'i  .f  fiittt/'nrA  fhwtui  fyn/t&thlaU^ -ffH  Gni*fHtttj\Js*imi3hintf  ifaxasui  /brJtotk- 


239  From  a  cartoon,  1865,  In  the  collection  of  the  Historical  Society  of  Pennsylvania,  Philadelphia 


An  Oil  Swindle,  from  S.  P.  Irvin, 
The  Oil  Bubble,  Franklin,  Pa.,  1868 


SPECULATION  IN  OIL  STOCKS 
With  legitimate  enterprises  enjoying  quick  and  enormous 
profits,  the  way  of  the  stock  swindler  was  made  easy.  There 
are  always  men  and  women  in  plenty  who  will  part  with  their 
savings  in  return  for  a  promise  of  instant  riches.  Cupidity  and 
gullibility  were  inflamed  by  authentic  accounts  of  sudden 
fortunes  made  in  the  oil  fields.  Oil  companies  were  promoted, 
some  the  result  of  a  sincere  hope  that  the  land  which  the 
company  had  leased 
would  prove  rich  in 
oil,  others  the  fabri¬ 
cations  of  human 
vultures  seeking 
profits  from  an  ig¬ 
norant  and  unso¬ 
phisticated  public. 

Beautifully  engraved 
certificates  of  oil 
stocks  were  distrib¬ 
uted  even  in  remote 
parts  of  the  country. 

As  the  companies 
developed,  the  pro¬ 
spectus  all  too  fre¬ 
quently  mingled  ex¬ 
aggerated  optimism 
with  deliberate  mis¬ 
statement. 


241 


From  a  contemporary  photograph  In  possession 
of  W.  H.  Hunt,  Narberth,  Pa. 


THE  OIL  EXCHANGE  AT  TITUSVILLE 
With  constant  trading  in  leases  and  oil  company  stocks,  there  was  a  need  in  the  oil  regions  for  an  organ¬ 
ized  method  of  conducting  business  at  a  centralized  place.  A  stock  exchange  appeared  in  Titusville  where 
thousands  of  dollars  worth  of  securities  were  traded;  here  the  oil  fever  burned  its  hottest;  here  magic  fortunes 

were  magically  made  and  lost. 
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THE  VANISHED  GLORIES  OF  PITHOLE  CITY 
The  oil  fever  burns  too  hotly  to  endure.  When  the  first  excitement  has  died  out  every  field  settles  down  to 
the  humdrum  of  drilling,  pumping  and  storing  oil.  Sooner  or  later  every  oil  well  runs  dry  and  the  current  of 
prospecting  moves  on  to  more  fertile  regions.  Pithole  City  in  1859  was  a  field  of  waving  grain.  During  the 
sixties  it  blossomed  into  a  boom  city  and  its  post  office  receipts  were  second  only  to  those  of  Philadelphia. 
To-day  Pithole  City  has  vanished  and  in  its  place  the  quiet  life  of  the  farm  again  holds  sway. 


DRAKE  MONUMENT,  TITUSVILLE 
But  even  the  wealth  and  fame  that  were  legiti¬ 
mately  won  in  the  oil  boom  towns  were  too 
often  as  swiftly  lost.  Drake  himself,  the  first 
to  strike  oil,  soon  dissipated  his  winnings  and 
he  and  his  family  were  reduced  to  actual  want. 
They  were  facing  starvation  when  a  tardy  sense 
of  gratitude  caused  the  state  of  Pennsylvania 
to  grant  the  Drakes  an  annuity  of  $1500  a  year. 
Years  afterward  a  monument  to  the  memory 
of  Drake  was  erected  near  his  first  well  on  the 
outskirts  of  Titusville.  A  pension  and  a  monu¬ 
ment  were  all  Drake  got  for  his  gift  of  petroleum 
to  the  world. 


From  a  photograph  by  Gruber,  Oil  City,  Pa. 
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From  a  photograph  by  Gruber,  Oil  City,  Pa. 


A  BOOM  OIL  TOWN, 
TEXAS 

From  Pennsylvania  the  oil 
industry  swept  across  the 
continent.  In  the  ’eighties 
Ohio  and  West  Virginia  ex¬ 
perienced  booms  similar  to 
that  of  the  Oil  Creek  regions. 
To-day  the  center  of  the 
industry  is  in  the  West  and 
Southwest,  in  California, 
Texas  and  Oklahoma.  Every 
new  oil  discovery  has  been 
followed  by  scenes  similar 
to  those  of  Oil  Creek. 
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THE  UNITED  STATES  AS  AN  OIL  PRODUCER 
No  map  of  the  principal  oil-producing  areas  in  the  United  States  is  permanent  because  of  the  decline  of  oil 
regions  and  the  discovery  of  new  ones.  Although  none  of  our  oil  regions  has  as  yet  been  completely  exhausted, 
the  output  from  each  has  varied  greatly  from  time  to  time.  Consequently,  leadership  in  production  has  passed 
from  one  area  to  another.  At  present  California  is  the  greatest  producer,  with  Oklahoma  pressing  close  for 
first  honors. 


246  From  the  portrait  by  John  Singer  Sargent  (1856-1925) 


JOHN  D.  ROCKEFELLER,  1839-, 
CREATOR  OF  THE  OIL  TRUST 
The  greatest  name  associated  with  the  American  oil 
industry  is  that  of  John  D.  Rockefeller.  Educated  in  the 
public  schools  of  Cleveland,  he  entered  the  employ  of  a 
mercantile  house  in  that  city  as  a  clerk.  Promotions  made 
him  first  a  cashier  and  then  a  bookkeeper.  His  first  venture 
into  business  for  himself  was  in  the  firm  of  Clark  and 
Rockefeller  in  1858.  Two  years  later  he  began  his  long 
career  in  the  oil  industry  as  a  partner  in  the  firm  of  Andrews, 
Clark  and  Company.  In  1865  the  new  firm  of  William 
Rockefeller  and  Company  built  the  Standard  Oil  plant  at 
Cleveland.  Five  years  later  the  Standard  Oil  Company 
was  incorporated  with  John  D.  Rockefeller  as  president. 
By  1881  the  company’s  business  had  so  ramified  and  Rocke¬ 
feller’s  separate  interests  in  the  oil  industry  had  become 
so  great  that  the  whole  was  formed  into  the  Standard  Oil 
Trust.  Although  this  the  courts  attempted  to  dissolve  in 
1892  and  again  in  1911,  the  various  Standard  Oil  units 
have  always  acted  together  and  not  only  dominate  the 
American  oil  industry  but  divide  with  certain  British  and 
Dutch  interests  the  oil  business  of  the  whole  world. 

In  his  later  years  the  elder  Mr.  Rockefeller  and  other 
members  of  his  family  have  been  noted  for  their  great 
benefactions.  Universities,  colleges,  religious  organizations 
and  research  foundations  have  benefited  to  the  extent  of 
many  millions  from  the  Rockefeller  fortunes. 
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American  capital  —  largely  in  the  control  of  the  Standard  Oil  Company  —  dominates  the  petroleum  industry 
of  the  western  hemisphere,  while  British  or  British  Dutch  interests  are  supreme  in  the  eastern  hemisphere, 
principally  through  the  Anglo-Persian  Oil  Company  and  the  Royal  Dutch  Shell  Syndicate.  Just  as  nations 
have  sought  control  of  coal  areas  of  the  world  by  commercial  strategy,  diplomatic  negotiations  and  conquest, 
so  they  are  now  practicing  the  same  arts  to  gain  sway  over  the  known  and  potential  petroleum  supplies  of  the 
world.  It  is  supposed  that  industrial,  naval,  and  aerial  supremacy  in  the  future  depends  upon  petroleum. 
In  such  attempts  of  nations  to  dominate  the  world’s  petroleum  resources  lie  the  seeds  of  future  wars. 


OCCURRENCE  OF  OIL  AND  NATURAL  GAS 

No  one  really  knows  the  origin  of  oil.  Some  chemists  maintain  that  it  is  a  fortuitous  meeting  of  the  proper 
chemical  constituents  within  the  earth.  Most  geologists  assert  that  it  arose  from  distillates  of  plant  remains 
inside  the  earth,  although  some  hold  the  theory  that  it  originated  from  buried  fish  remains.  Whatever  its 
origin  we  know  the  manner  of  its  usual  occurrence  in  the  ground.  Generally  it  is  discovered  in  pervious  rock 
that  is  capped  with  impervious  rock.  It  seems  to  collect  where  the  pervious  rock  is  folded.  Pressure  is  given 
to  it  by  its  own  contained  gas  and  also  by  water.  The  degree  of  pressure  determines  what  kind  of  a  well  is 
obtained  when  the  drilling  pene¬ 
trates  through  the  impervious 
rock  to  the  pervious  rock  or 
“sands.”  If  the  pressure  is 
great  the  oil  and  gas  gush  to 
the  surface  and  may  shoot  high 
into  the  air.  Lower  pressures 
produce  flowing  wells  wherein  the 
oil  and  gas  float  to  the  surface. 

When  the  pressure  is  slight  the 
oil  and  gas  must  be  pumped. 
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From  a  photograph  hy  the  United  States  Geological  Survey 


OIL  WELLS  IN  THE  PACIFIC 
Oil  has  been  discovered  and  wells  bored  in 
forests,  on  the  plains,  on  deserts,  and  even 
under  the  waters  of  the  ocean.  This  last 
offers  no  greater  difficulties  than  a  well  on 
land  because  the  oil  is  conducted,  from  the 
sands  deep  within  the  earth  to  the  surface  by 
means  of  a  pipe,  as  easily  through  water  as 
through  rock. 

WELLS  ALONG  A  PROPERTY  LINE 
The  manner  of  occurrence  of  oil  explains  the 
customary  oil  field  scene  where  derricks  are 
crowded  together  sometimes  as  closely  as 
they  will  stand.  Since  oil  will  flow  through 
the  sands  to  any  point  where  the  pressure 
is  released,  it  follows  that  the  source  of  oil 
need  not  be  the  sands  directly  beneath  the 
derrick.  The  latter,  therefore,  are  often 
placed  on  the  edge  of  the  property  line  to 
gather  as  much  as  possible  of  the  neighbor’s 
oil.  A  single  derrick  does  not  require  much 
room  and  property  in  an  oil  field  is  very 
valuable  per  inch.  Likewise  it  does  not  pay 
to  stop  the  flow  of  oil,  for  what  one  well 
forgoes  another  steals.  In  consequence  a 
new  field  is  always  widely  exploited,  and 
excessively  wasteful  quantities  of  oil  are 
taken  from  the  ground.  This  wastefulness 
in  taking  oil  from  the  ground  is  one  of  the 
important  reasons  for  the  swift  depletion  of 
the  nation’s  oil  resources. 

250  From  a  photograph  by  the  United  States  Geological  Survey 
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251  From  Frank  Leslie's  Illustrated  Newspaper,  Jan.  21,  1865, 
alter  a  drawing  by  F.  H.  Sebell 


INTERIOR  OF  A  MODERN  DERRICK 
Modern  drilling  machinery,  although  a  great  advance 
over  that  of  Drake,  resembles  the  early  machinery  in 
many  respects,  particularly  in  the  use  of  the  walking 
beam. 


KICKING  A  WELL  WITH  A  POLE 
Although  science  has  been  called  upon  to  aid  in 
locating  oil  wells  no  method  has  yet  been  devised  by 
which  a  well  can  be  drilled  with  certainty  of  striking 
oil.  All  oil  prospecting  is  therefore  “wildcatting;” 
that  is,  drilling  upon  a  gamble.  This  makes  the  task 
one  for  individuals  generally  rather  than  for  great 
companies.  On  account  of  the  expense  of  an  ordinary 
drilling  outfit  poor  prospectors  have  always  resorted 
to  crude  and  cheap  methods.  One  of  the  oldest  is 
that  of  “kicking  a  well  down.”  For  this  process  a 
long  springy  pole  is  properly  balanced  and  its  butt 
252  Courtesy  of  the  Oil  Well  Supply  Company,  Pittsburgh.  Pa.  secured.  Ropes  are  fastened  to  the  top  with  loops 

at  the  end.  The  string  of  drilling  tools  is  also  fastened  to  the  end  of  the  tree.  Then  a  man  puts  a  foot  into  the 
loop  and  kicks  downward.  This  causes 
the  drill  to  descend.  With  the  release  of 
the  pressure  from  the  foot  the  natural 
spring  of  the  pole  raises  the  looped  rope 
again  and  also  the  string  of  tools.  Wells 
to  a  depth  of  600  feet  have  been  drilled 
in  this  manner.  But  such  crude  methods 
are  not  common.  The  typical  oil  field 
is  a  forest  of  derricks  monotonously  alike, 
each  with  a  shed  beside  it  where  an  engine 
drives  the  great  walking  beam. 


253  From  the  motion  picture  The  World  Struggle  {or  Oil.  ©  E.  F.  Butler 


INTERIOR  OF  AN  OLD-TIME  DERRICK 
The  derrick,  so  picturesque  a  feature  of  the  oil 
fields,  is  merely  a  device  for  raising  and  lowering  the 
string  of  drilling  tools.  The  length  of  the  tool  string 
determines  the  necessary  height  of  the  derrick.  After 
the  drilling  is  finished  the  derrick  has  practically  no 
useful  function.  In  the  method  of  drilling  used  by 
Drake  and  his  contemporaries  the  “walking  beam,” 
entering  the  derrick  through  a  slit,  was  attached  out¬ 
side  to  a  steam  engine  which  furnished  the  power.  The 
beam  gave  the  up  and  down  motion  to  the  string  of 
tools  which  did  the  drilling. 
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254  From  a  photograph  hy  Krupslck,  Tulsa,  Oklahoma,  courtesy  o£  the  Oil  Trade  Journal 


“WILDCAT”  OIL  PROSPECTING 

In  a  somewhat  more  advanced  but  still  crude  and  cheap  method  a  steam  boiler  and  engine  replace  foot 
power.  The  rotary  motion  of  the  engine  flywheel  is  translated  into  an  up  and  down  motion  by  the  walking 
beam,  to  which  the  string  of  tools  is  attached.  This  device  is  used  only  for  relatively  shallow  wells  which 
do  not  exceed  six  hundred  feet.  Such  a  simple  contrivance  may  be  the  means  of  tapping  a  rich  and 
hitherto  unsuspected  pool.  If  oil  is  not  discovered,  the  expenditure  has  been  slight. 


THE  ROTARY  OIL  DRILL 

Although  most  drilling  is  done  by  the  intermittent  up  and  down  motions  of  the  tool  string,  some  rocks  and 
sand  permit  a  continuous  rotary  drilling  process.  There  are  few  such  cases  in  America  but  the  method  is 
common  in  the  Baku  district  of  Russia. 


255  Courtesy  of  the  Oil  Well  Supply  Company,  Pittsburgh 

THE  BIT  THAT  DOES  THE  DRILLING 
Regardless  of  the  method  employed  for  boring  — 
reciprocal  or  rotary  motion  —  the  business  end  of  the 
string  of  tools  is  the  bit  at  the  lowest  tip. 


256  From  a  photograph  by  F,  Gallen,  Houston,  Texas, 

courtesy  of  the  Oil  Trade  Journal 
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257  Courtesy  of  the  Sinclair  Consolidated  Oil  Corporation,  New  York 


A  GUSHER 

Sometimes  when  the  oil  stratum  is  penetrated  the 
release  of  pressure  is  so  great  that  the  oil  and  gas  dis¬ 
charge  violently,  at  times  shooting  beyond  the  top  of 
the  derrick  and  even  destroying  the  derrick  itself. 
Occasionally  the  force  has  defied  man’s  control  and 
the  oil  has  rushed  out  for  weeks  unchecked.  Not 
all  of  this  oil  is  lost,  for  earth  dikes  are  built  to  con¬ 
fine  it,  but  inevitably  the  loss  is  heavy.  A  gusher  that 
can  be  controlled,  however,  saves  the  cost  of  pumping. 


A  DRILLING  CREW 

Oil  drilling  is  an  occupation  in  which  success  gener¬ 
ally  befalls  the  hardy  and  adventurous. 


258  ©  Brown  Brothers 


ft 


■■v 


259  A  Lake  of  OH.  ©  Brown  Brothers 
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Courtesy  of  the  Tide  Water  Oil  Company,  New  York 


A  PUMPING  WELL 

Some  wells  contain  enough  gas  under  pressure  to  cause  the  oil  to  flow  out  of  the  well  to  the  surface,  thus  giving 
rise  to  the  name  of  “flowing”  wells.  In  other  wells  the  oil  does  not  rise  to  the  surface  voluntarily  and  must 
therefore  be  pumped  up  from  the  bottom.  Eventually  gushing  and  flowing  wells  must  also  be  pumped  when 
the  pressure  that  has  caused  the  oil  to  rise  to  the  surface  has  been  released. 


261  From  a  photograph  by  Sprague,  Okmulgee,  Oklahoma,  courtesy  of  the  Oil  Trade  Journal 


PUMPING  WELLS  AND  PUMP  HOUSE 

When  there  are  several  wells  within  a  radius  of  a  few  miles  they  may  all  be  connected  to  one  pump,  the  motion 
of  the  pumping  engine  being  carried  to  the  individual  wells  by  rods  just  as  the  railroad  towerman  by  pulling 
a  lever  causes  distant  semaphores  to  rise  and  fall.  The  small  trestle  at  the  right  leading  into  the  pump  house 
carries  the  rod  by  which  distant  wells  may  be  pumped  from  a  central  point.  A  corresponding  rod  runs  from 
the  opposite  side  of  the  pump  house  to  the  wells  in  the  background. 
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“SHOOTING”  A  WELL 
Unlike  water  wells,  oil  wells  are  not  permanent. 
Finally  all  yield  ceases.  In  such  circumstances  the 
wells  are  sometimes  “shot.”  For  this  purpose  a 
torpedo  containing  nitroglycerine  is  lowered  to  the 
oil  sands,  and  the  charge  exploded.  The  explosion 
or  “shot”  breaks  up  the  sands,  presents  new  surfaces 
and  may  for  a  time  revive  the  productivity  of  the 
well.  Sooner  or  later,  however,  the  well  becomes 
permanently  dry  despite  repeated  “shooting.”  This 
explains  why  it  is  necessary  to  discover  ever  new 
sources  of  supply  of  oil  and  why  leadership  in  pro¬ 
duction  passes  from  one  field  to  another. 


262  From  W.  H.  Jeffrey,  Deep-Well  Drilling,  Toledo,  Ohio,  1921 


A  GAS  WELL  BLOWING  WILD 

Mixed  with  petroleum  there  is  usually  more  or  less 

natural  gas.  In  many  cases  the  gas  is  discovered 

alone.  Its  quantity  in  the  past  has  made  it  extremely 

cheap.  As  a  result  it  has  been  scandalously  wasted. 

.......  ,  263  Courtesy  of  the  Oil  Well  Supply  Company 

Although  it  is  the  best  fuel  known,  wells  that  have 

taken  fire  have  burned  for  years  without  any  attempt  to  put  out  the  fire  or  save  the  valuable  gas.  Natural 
gas  has  been  used  for  city  lighting  and  was  so  cheap  that  it  did  not  pay  to  employ  men  to  extinguish  the 
lamps  by  day,  so  the  lights  were  kept  going  continuously.  A  common  sight  is  that  of  a  gas  well  blowing 
its  valuable  fuel  into  the  air  with  no  attempt  to  check  the  flow  or  save  the  fuel.  To-day  we  are  threatened 
with  the  entire  disappearance  of  natural  gas  and  are  learning  to  preserve  most  carefully  what  we  have. 


264  From  Frank  Leslie’s  Illustrated  Newspaper,  Jan.  21,  1865 


FILLING  OIL  BARRELS  FROM  TANKS 
After  the  oil  has  been  taken  from  the  well  it  must  be  stored 
until  it  can  be  transported  to  the  refinery.  The  earliest 
methods  of  storage  and  transportation  were  very  crude. 
Since  the  oil  wells  were  in  an  inaccessible  location  and  because 
oil  was  a  new  thing,  the  earliest  means  of  transportation  were 
adapted  from  the  carriage  of  know'n  liquid  commodities. 
The  oil  was  stored  in  rough  tanks  in  the  field  from  which 
it  was  drawn  off  into  barrels.  These  barrels  were  taken  to 
the  nearest  town  in  ordinary  horse-drawn  wagons.  Where 
water  transportation  was  possible  the  barrels  were  loaded 
into  flat-bottomed  boats.  The  development  of  special  tank 
cars  and  oil-carrying  boats  came  with  experience  in  the 
business. 


TAPPING  THE  OIL  POOLS 


107 


265  From  the  motion  picture  The  World  Struggle  for  Oil.  ©  E.  F.  Butler 


HAULING  OIL  TO  FLATBOATS  IN  THE  ’SIXTIES 
Immediately  after  the  opening  of  the  oil  fields,  oil  was  transported  in  cans  upon  the  backs  of  men  and  horses. 
But  soon  teamsters  monopolized  the  business.  Loading  the  barrels  of  oil  into  wagons  they  hauled  them  to 
Oil  Creek  or  the  Allegheny  River.  The  roads,  where  any  existed,  were  in  a  deplorable  state  most  of  the  time. 
This  fact  together  with  the  great  demand  for  teamsters  caused  the  prices  of  oil  haulage  to  rise  very  high.  Often 
as  much  as  four  dollars  a  barrel  for  a  distance  shorter  than  a  half  dozen  miles  was  asked  and  generally  obtained; 
for  the  teamsters  were  a  rough  lot  of  men  with  whom  might  was  right. 
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From  F.  M.  Gillelin,  The  Oil  Regions  of  Pennsylvania,  Pittsburgh,  1864 


“POND  FRESHET”  DAY  ON  OIL  CREEK 

The  barrels  of  oil  were  transported  to  the  river’s  edge  and  then  loaded  into  barges.  On  account  of  the  shallow¬ 
ness  of  Oil  Creek  it  was  necessary,  in  order  to  float  the  oil-carrying  boats,  to  borrow  a  lumberman’s  trick; 
namely,  create  an  artificial  flood.  The  water  was  held  back  by  dams  and  then  at  an  agreed  time  the  sluice 
gates  were  opened.  On  the  crest  of  this  freshet  the  oil  boats  dashed  downstream  toward  the  Allegheny  River. 
In  the  excitement  and  crowding  of  boats  caused  by  this  scheme  many  a  cargo  was  spilled  overboard  or  the  boats 
broken.  “Flood  days”  were  holidays  along  the  creek  and  folks  turned  out  to  view  the  mad  career  of  the 
barges.  Permission  to  use  the  stream  in  this  way  had  to  be  purchased  from  the  owners  of  the  dams  —  usually 
sawmill  operators  —  and  they  charged  *  all  the  traffic  would  bear. 
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From  Frank,  Leslie's  Illustrated  Newspaper,  Jan.  21,  1865 


Soon  the  railroads  that  entered  Pittsburgh 
saw  the  possibilities  of  new  business  in  the 
oil  area  and  built  tracks  to  points  near 
the  fields.  At  first  the  railroads  piled  oil 
barrels  upon  flat  cars,  and  carried  them  just  as  a  wagoner  would.  But  soon  the  railroad  men  devised  a  special 
oil-carrying  car.  This  was  originally  a  huge  wooden  tub  fastened  to  the  flat  car,  but  later  the  horizontal  barrel 
type  of  car  was  devised.  Eventually  the  same  sort  of  car  now  used  for  transporting  refined  oil  was  employed 
to  carry  the  crude  to  a  refinery.  The  teamsters  continued  in  the  old  manner  to  haul  the  oil  in  barrels  to  the 
railroad. 


FILLING  FLATBOATS  FROM 
THE  TANKS 

The  operators  whose  wells  were  along  the 
banks  of  Oil  Creek  or  the  Allegheny  River 
poured  their  oil  directly  into  open,  flat- 
bottomed,  wooden  boats.  Much  oil  was 
lost  in  this  way  because  the  boats  were 
often  capsized  by  obstructions  in  the 
streams  or  by  reason  of  the  motion  of 
their  heavy  liquid  cargoes. 

THE  OIL  CREEK  RAILWAY, 
TITUSVILLE 


268  From  Frank  Leslie's  Illustrated  Newspaper ,  Jan.  21,  1865 


FROM  FIELD  TO 
REFINERY 

The  modern  organization  of 
transportation  partakes  of  the 
complexity  of  large-scale  in¬ 
dustry.  Efficient  methods  and 
the  large  volume  of  product 
moved  now  make  it  possible 
to  carry  the  oil  from  the  well 
to  the  consumer  at  amazingly 
low  cost. 

The  diagram  illustrates 
merely  the  handling  of  the  pe¬ 
troleum  as  it  passes  from  the 
well  to  the  refinery.  From  the 
refinery  the 
kerosene,  and  a  multitude  of 
others,  pass  through  divers 
channels  to  the  consumer. 


products;  gasoline, 


269  From  the  Report  of  the  Petroleum  Committee,  California  State  Council  of  Defense,  1917 
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AN  OIL  TANK  ON  FIRE 
For  bulk  storage,  both  crude  and  refined 
oil  are  confined  in  huge  tanks.  The  tanks 
may  be  in  the  field  where  oil  is  stored  as 
it  comes  from  the  wells  or  they  may  be 
for  “farm  storage”  at  the  refinery.  The 
danger  from  fire  is  so  great  that  storage 
tanks  are  generally  located  in  isolated 
places  and  widely  separated  from  one 
another.  Around  each  tank  there  is 
generally  a  sort  of  earthen  moat,  and  each 
tank  is  so  piped  that  its  contents  can  be 
quickly  withdrawn  in  case  of  emergency. 
Despite  every  precaution  the  tanks  fre¬ 
quently  take  fire  and  large  amounts  of  oil 
are  lost. 

LOADING  TANK  CARS 
In  certain  rare  cases  crude  oil  is  drawn 
from  field  storage  tanks  into  railroad  tank 
cars  for  shipment  to  the  refinery  or  to 
users  of  crude  oil  for  fuel  in  its  natural 
state.  The  tank  car  is  the  normal  method 
of  shipping  refined  oil  by  land  from  the 
refinery  to  local  storage  and  distributing 
stations.  The  tank  cars  are  shown  at  a 
loading  rack  of  a  Chicago  refinery. 


270  From  a  photograph  by  the  United  States  Bureau  oi  Mines 
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Courtesy  of  the  Sinclair  Consolidated  Oil  Corporation 
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AN  OIL  TANK  STEAMER 


From  the  field  storage  plant  crude  oil  is  sometimes  run  into  great  tank  steamers  to  be  carried  to  a  foreign 
refinery.  This  is  true  of  Mexican  oil  refined  in  the  United  States.  The  same  kind  of  boat  even  the  same 
boat  —  is  employed  to  transport  refined  oil  to  overseas  markets.  For  oceanic  transportation  of  oil  an  ordinary 
vessel  was  at  first  used.  So  many  of  them  sailed  from  port  never  to  be  heard  from  agam  that  eventually  it 

was  well-nigh  impossible  to  get  a  sober  man  to 
ship  on  them.  The  constant  loss  of  cargoes 
forced  oil  men  to  devise  a  boat  especially 
equipped  to  carry  oil.  To-day  these  ships  are 
so  admirably  arranged  that  with  a  hose  they  can 
be  loaded  or  unloaded  in  a  shorter  time  than  it 
takes  to  provision  them  for  a  voyage.  No  other 
oceanic  cargo  is  handled  so  expeditiously  and 
hence  so  cheaply.  The  slow-going  tanker  , 
rolling  heavily  in  rough  seas,  has  become  a 
commonplace  in  an  age  when  oil  is  sought  in 
the  farthest  corners  of  the  earth. 


273  A  Swinging  Pipe  Line  over  a  Stream,  courtesy  of  the 

Tide  Water  Oil  Company 


PIPE  LINE  TRANSPORTATION 
Samuel  Van  Stckel  of  Titusville  first  demonstrated  the 
practicability  of  sending  oil  from  the  field  to  the  railroad  in 
pipes.  He  built  a  small  experimental  line  in  the  Titusville 
field,  but  despite  the  fact  that  it  did  not  work  well  it  was 
hotly  contested  by  the  “vested  interests”  —  the  teamsters. 
Indeed,  the  hardy  horsemen  tore  up  the  pipes  and  threatened 
to  shoot  anyone  who  relaid  them.  They  had  considerable 
political  power  in  the  state  and  their  opposition  in  the  field 
and  at  Harrisburg  delayed  the  introduction  of  pipe  lines. 
But  men  cannot  forever  thwart  a  necessary  economic 
device,  and  at  last  pipe  lines  were  successfully  laid.  The 
first  lines  were  short,  from  well  to  storage  tank  or  from  field 
to  railroad.  Proving  their  worth,  they  were  extended  and 
to-day  crude  oil  travels  from  well  to  refinery  in  pipes. 
Oklahoma  oil  refined  in  Philadelphia  makes  the  entire 
journey  in  pipes.  Railroads  no  longer  transport  crude  oil. 
There  are  upward  of  50,000  miles  of  pipe  line  in  the  United 
States.  The  longest  continuous  line  is  that  from  Texas 
to  the  refineries  at  Bayonne,  New  Jersey. 


274  Pipe  Line  Terminal  at  Bayonne,  N.  J„  from  a 
photograph  by  Brown  Brothers 
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From  a  model  In  the  United  States  National  Museum 


THE  PETROLEUM  REFINERY 

The  immediate  destination  of  most  crude  oil  is  the  refinery.  Here  the  oil  is  distilled  and  redistilled.  First 
the  light  oils  are  separated,  then  the  heavy  oils,  and  finally  the  residue  is  made  into  wax,  tar,  coke,  and  numer¬ 
ous  other  products.  No  one  knows  the  limit  of  possible  products  derivable  from  crude  oil,  but  already  some 
five  hundred  have  been  obtained.  The  chemist  is  busily  at  work  on  undeveloped  possibilities. 

The  old-time  refinery  was  on  a  small  scale  and 
located  near  the  oil  fields.  A  modern  refinery  to  be 
economical  must  be  operated  on  a  large  scale  so  that 
every  possible  product  may  be  secured  from  the  crude 
petroleum.  This  is  an  important  factor  in  determining 
the  location  of  the  refinery.  As  oil  fields  constantly 
vary  in  the  amount  of  yield  and  as  the  center  of 
production  changes  from  year  to  year,  the  huge  in¬ 
vestment  in  a  large  refinery  would  be  wasted  if  the 
refinery  were  located  primarily  with  reference  to  the 
producing  field.  The  location  is  generally  chosen  with 
relation  to  the  market,  access  to  the  producing  field 
being  secured  by  pipe  line.  This  arrangement  per¬ 
mits  more  highly  centralized  control  and  consequent 
276  An  OId'xlme^e^“®^^°^aF^^^^eh“ni8g4e  ou  Re°ions  economy  over  scattered  small-scale  operations. 


METHODS  OF  DISTRIBUTION 

There  are  many  variations  in  the  method  of  sending  oil  from  a  refinery  to  the  consumer.  At  the  refinery  the 
oil  is  generally  run  into  tank  cars  for  railroad  transportation  to  a  local  district  storage  tank  farm.  If  the  re¬ 
finery  is  on  the  coast  some  of  its  refined  oil  is  piped  to  tank  ships.  These  boats  carry  the  oil  either  to  a  foreign 
market  or  to  a  domestic  local  district  storage  tank  farm.  Case  oil  is  a  refined  product  put  up  in  small  cans 
packed  two  in  a  wooden  case.  This  oil  is  generally  intended  for  foreign  markets  where  transportation  is  by 
pack  men  or  pack  animals,  but  some  case  oil  is  sold  to  domestic  consumers.  It  is  then  handled  like  any  other 
boxed  freight  by  railroads  or  ships.  If  the  refinery  lies  inland,  it  may  ship  its  oil  in  tank  cars  to  a  seaport  where 
the  oil  is  loaded  into  tank  ships.  Or  a  seaboard  refinery  may  use  ships  to  carry  oil  to  a  convenient  point  where 
it  is  transferred  to  tank  cars.  Both  tank  cars  and  ships  are  used  to  carry  oil  directly  to  large  consumers.  Most 
oil,  however,  goes  by  car  or  ship  to  a  district  storage  farm.  From  the  district  storage  the  oil  is  drawn  into 
tank  wagons  or  tank  motor  trucks.  The  latter 
usually  transport  the  oil  to  local  dealers  who  in 
turn  sell  it  to  consumers.  But  large  consumers 
may  be  served  directly  by  tank  wagons  or  trucks 
from  the  storage  farm.  This  outlines  only  the 
distribution  of  refined  oil.  The  five  hundred 
other  refinery  products  are  distributed  in  scores 
of  ways.  Petroleum  has  made  a  great  contri¬ 
bution  to  civilization.  So  common  have  the 
products  derived  from  it  become  that  it  is 
difficult  to  imagine  life  without  it. 

277  Distributing  “  Case  Oil,"  African  Coast.  ©  Brown  Brothers 
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THE  OIL-DRIVEN  ENGINE 


The  invention  that  has  given  sig¬ 
nificance  to  the  world’s  production  of 
oil  is  the  gas  engine.  The  steam 
engine  (pp.  83-91)  runs  by  the 
expansion  of  steam  against  a  piston 
or  by  the  principle  of  the  turbine. 

A  gas  engine  uses  the  expansion  that 
comes  from  the  explosion  or  burning 
of  gas  in  a  confined  space  acting 
against  a  piston.  Since  the  explosion 
occurs  inside  the  cylinder  that  con¬ 
tains  the  piston,  gas  engines  are  said 
to  operate  by  “internal  combustion” 
or  explosion.  A  similar  principle  is 
involved  in  the  firing  of  a  cannon. 

The  shell  is  propelled  by  the  ex¬ 
pansive  power  of  the  exploded  powder 
behind  the  shell  confined  within  a 
small  space  in  the  bore  of  the  gun,  the  cannon  itself  being  strong  enough  to  resist  explosion. 

Although  a  successful  internal  explosion  engine  was  unknown  until  the  comparatively  recent  inventions  of 
Lenoir,  Otto,  and  Langlen,  men  have  toyed  with  the  idea  for  a  long  time.  Among  the  first  attempts  was  that  of 
Hautefeuille,  in  1678,  who  used  the  gas  generated  by  the  explosion  of  gunpowder  to  expel  air  in  a  chamber,  where¬ 
upon  the  condensation  of  the  gases  produced  a  vacuum  in  the  chamber.  Huvghens,  in  1680,  devised  a  cylinder  in 
which,  after  the  vacuum  was  formed,  atmospheric  pressure  pushed  downward  a  piston  at  the  top  of  the  cylinder. 

The  first  real  gas  engine  appeared  in  1791  when  an  Englishman  named  Barber  invented  an  engine  in  which 
a  stream  of  carbureted  hydrogen  gas  was  introduced  by  one  induction  port  and  atmospheric  air  at  another. 
These  two  meeting  and  exploding  produced  a  force  to  move  a  piston.  In  1799  Lebon,  a  Frenchman,  proposed 
the  use  of  the  electric  spark  to  explode  a  mixture  of  air  and  gas  in  a  cylinder,  the  consequent  expansion  furnish¬ 
ing  a  motive  power. 
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Huyghens’  Gunpowder  Engine,  1680  (reconstruction),  from  The  Growth  of  Industrial 
Art,  Washington,  1892 


GAS  ENGINE  OF  LENOIR,  1860 


From  the  time  of  Lebon  various  men  of  different  nationalities  experimented  with  gas  engines.  Among  them 
were  Brunei  (1825),  Brown  (1826),  Cooper  (1835),  Barnett  (1838),  Johnson  (1841),  Degrand  (1858)  and  Huyon 
(1860).  But  the  modern  gas  engine  may  be  said  to  date  from  1860  when  Lenoir  put  a  crude  but  practicable 
gas  engine  upon  the  market  in  France  and  the  United  States.  This  engine  contained  features,  now  familiar, 
of  mixing  air  and  gas  in  an  enclosed  cylinder,  exploding  them  from  a  spark  (obtained  from  a  galvanic  battery) , 
and  using  the  consequent  expansion  to  drive  a  piston.  Mechanical  and  automatic  admission  of  air  and  gas  in 
proper  proportions,  timing 
the  spark,  compression  of  the 
following  charge  by  the  re¬ 
turn  of  the  piston  actuated 
by  a  flywheel,  all  these  regu¬ 
lar  attributes  of  a  gas  engine 
were  contained  in  Lenoir’s 
inventions. 

The  first  cost  of  a  Lenoir 
engine  was  high  and  it  had  to 
be  watched  to  prevent  over¬ 
heating,  but  its  operation 
was  cheaper  than  a  steam 
engine  for  small  horse  powers, 
and  it  consequently  became 
popular  in  the  United  States 
and  France. 

279  From  a  duplicate  of  the  original,  built  by  Lenoir  for  the  Conservatoire  National  des  Arts  et  Metiers,  Paris 
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THE  OTTO  ENGINE 
Nicholas  August  Otto,  the 
inventor  of  the  four-cycle  gas 
engine,  up  to  the  time  he  was 
twenty -nine  years  old  was  en¬ 
gaged  in  commercial  pursuits, 
but  he  had  a  keen  interest  in 
physics.  Although  his  first 
experiment  with  gas  engines 
was  a  failure  it  led  eventually 
to  success.  The  engine  came 
to  the  notice  of  Eugen  Langen, 
a  member  of  one  of  the  most 
prominent  industrial  families 
of  Germany  and  possessed  of 
a  thorough  technical  training. 

Langen,  too,  was  an  expert  de¬ 
signer.  The  friendship  of  these 
twTo  men,  beginning  in  1864,  lasted  for  their  entire  lives. 

The  combined  talents  of  Otto  and  Langen  produced  an  engine  worthy  of  exhibit  at  the  World’s  Fair  at 
Paris  in  1867.  Otto’s  engine  was  despised  for  its  crude  appearance  and  its  noisy  operation  but  when  gas 
consumption  of  the  three  engines  exhibited  at  the  Fair  was  measured,  it  was  found  that  Otto  s  engine  ran  with 
less  than  a  third  the  fuel  of  Lenoir’s  and  less  than  half  of  Huyon’s.  This  success  led  to  orders  and  Otto  manu¬ 
factured  some  five  thousand  of  these  engines,  ranging  in  power  from  one  third  to  three  horse  power. 

But  Otto  and  Langen  were  unsatisfied.  Their  engine  was  limited  to  small  horse  powers,  was  noisy,  and  was 
uncertain  as  to  its  gas  mixture.  To  improve  these  features  Otto  and  Langen  invented,  in  1876,  the  four-cycle 
engine  as  it  is  now  known.  They  worked  out  the  proper  proportion  of  the  fuel  charge  —  gas  and  air  —  and 
provided  for  proper  ignition  and  combustion.  This  engine  cut  the  cost  of  gas  engine  operation  in  half  and 
paved  the  way  for  the  marvelous  development  of  gas  engines  in  recent  years  from  which  have  come  the  auto¬ 
mobile  and  airplane. 


280  Nicholas  August  Otto,  1832-1901,  courtesy 
ol  the  Otto  Engine  Company,  Philadelphia 


Otto’s  Four-Cycle  Engine,  from  the  United  States  Patent  model  of  Aug.  14,  1877,  in  the 
United  States  National  Museum 
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THE  STROKES  OF  A  FOUR-CYCLE  ENGINE 
The  operation  of  a  gas  engine  may  be  easiest  understood  by  reference  to  the  diagram  of  the  four-cycle  engine, 
which  gets  its  name  from  the  fact  that  it  requires  four  strokes  of  the  piston  to  produce  one  power  impulse 
stroke.  As  the  piston  moves  away  from  the  cylinder  head  the  first  time,  mixed  air  and  gas  are  drawn  into  the 
cylinder.  This  is  the  first  stroke.  The  second  stroke  compresses  this  mixture  as  the  piston  returns  to  the 
cylinder  head.  An  electric  spark  from  the  spark  plug  explodes  the  gas  and  air  and  drives  the  piston  back  upon 
the  third  or  power  stroke.  The  fourth  (or  second  return  stroke)  forces  the  exhaust  gases  from  the  cylinder, 
when  the  cycle  begins  again.  The  energy  derived  from  the  power  stroke  is  stored  in  a  flywheel  which,  continu¬ 
ing  to  revolve,  carries  the  piston  through  its  three  non-power -producing  strokes.  The  mixtures  are  admitted 
and  exhausted  by  properly  adjusted  valves. 

A  single  cylinder  engine  produces  power,  therefore,  upon  one  out  of  every  four  strokes.  To  gain  a  more 
even  flow  of  power,  more  cylinders  may  be  added  and  attached  to  the  crank  shaft.  For  automobile  engines 
four,  six,  eight,  and  even  twelve  cylinders  have  been  joined  together  to  form  one  power  unit. 


3.  Compressed  Gas  Exploded.  4.  Inert  Gases  Exhausted. 
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From  G.  D.  HIscox,  Gas,  Gasoline  and  Oil  Engines,  Norman  W.  Henly  Company,  1915 
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THE  STROKES  OF  A  TWO-CYCLE  ENGINE 
The  two-cycle  engine  produces  power  every  other  stroke 
of  the  piston.  On  the  first  stroke  (A)  the  piston  rises  to 
the  cylinder  head,  compressing  the  mixture  of  gas  and 
air  above  it  and  drawing  a  fresh  mixture  from  the 
carburetor  into  the  engine  base.  At  the  same  instant, 
the  explosion  of  the  compressed  gas  at  the  cylinder  head 
drives  the  piston  down. 


As  the  piston  reaches  the  end  of  the  downward  stroke, 
the  fresh  gas  drives  out  the  remaining  exhaust  and, 
when  the  piston  begins  its  return  (C)  to  the  cylinder 
head,  both  the  intake  and  the  exhaust  port  of  the  ex¬ 
plosion  chamber  are  closed.  The  energy  in  the  whirling 
flywheel  then  drives  the  piston  again  toward  the  cylinder 
head  in  preparation  for  another  explosion. 

The  two-cycle  engine  has  a  lighter  flywheel  than  the 
four-cycle,  and  is  notable  for  its  absence  of  valves  and 
valve  mechanism.  It  is  thus  simpler  and  lighter  in 
weight  for  its  developed  power,  and  theoretically  should 
be  more  popular  than  the  four-cycle  engine.  Practically 
its  use  has  been  confined  to  small  power  boats  where  its 
economy  of  space  and  weight  and  its  easy  reversibility 
commend  it.  But  the  overwhelming  demand  in  the 
automobile  business  for  a  four-cycle  engine  whose 
principle  and  repair  are  more  easily  understood  by  the 
ordinary  owner  and  garage  mechanic  has  caused  en¬ 
gineers  who  design  and  improve  internal  combustion 
engines  to  neglect  the  two-cycle  type. 


As  the  piston  approaches  the  end  of  the  stroke  (B) 
it  passes  the  exhaust  port  out  of  which  the  flaming 
gas  escapes.  But  this  downward  drive  of  the 
piston  compresses  somewhat  the  mixture  in  the 
engine  base,  and  this  moderate  compression  forces 
the  fresh  gas  through  a  passage  outside  the 
cylinder  and  into  the  explosion  chamber  above. 
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RUDOLF  DIESEL,  1858-1913,  INVENTOR 
OF  THE  DIESEL  ENGINE 
Rudolf  Diesel,  a  true  cosmopolitan,  was  of  German 
parentage,  born  in  Paris,  and  educated  in  England. 
His  first  work  was  in  connection  with  the  manufacture 
of  ice  in  Paris.  Later  he  turned  his  attention  to  the 
internal  combustion  engine.  In  1897,  at  the  age  of 
thirty-nine,  he  succeeded  in  introducing  a  new  gas 
engine  whose  utility  was  soon  recognized  and  now 
assures  its  inventor  a  permanent  place  among  the 
great  innovators.  During  1912-13  he  lectured  in  the 
United  States  on  the  subject  of  internal  combustion 
engines.  Upon  his  return  home  he  was  called  into 
consultation  by  the  British  Admiralty,  but,  while 
on  his  way,  was  drowned  in  the  British  Channel. 
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Courtesy  ol  the  Diesel  Engine  Company,  St.  Louis,  Mo. 


THE  DIESEL  ENGINE 
The  Diesel  engine  differs  from  all  other  explosive 
power  producers  by  gaining  a  combustion  tempera¬ 
ture  through  the  compression  of  pure  air.  The  fuel  is 


introduced  gradually  into  the  compressed  air  and  burned  with  little  or  no  increase  in  temperature  during  com¬ 
bustion.  The  motor  although  operating  upon  the  four-cycle  principle  differs  in  considerable  detail  from  the 
Otto  type.  The  Diesel  engine  resembles  exteriorly  the  ordinary  vertical  gas  engine  except  that  it  is  built  to 
withstand  higher  pressures.  In  the  operation  of  the  engine  the  first  stroke  fills  the  cylinder  with  pure  air  which 
is  compressed  by  the  next  stroke,  creating  a  temperature  more  than  enough  to  ignite  the  fuel.  At  the  beginning 
of  the  stroke  the  fuel  valve  opens,  and  finely  divided  fuel  is  sprayed  into  the  red-hot  air.  Combustion  then 
takes  place  and  power  is  produced.  The  used  gases  are  finally  exhausted.  The  Diesel  engine  runs  as  smoothly 
as  steam,  costs  no  more  to  install,  is  less  expensive  to  operate  and  may  be  used  with  a  great  variety  of  low- 
grade  fuels.  On  these  accounts  it  is  coming  into  widespread  use. 
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Courtesy  of  the  Diesel  Engine  Company 


CHAPTER  VII 


THE  ERA  OF  ELECTRICITY 

COAL  and  petroleum  are  but  two  of  the  sources  of  energy  that  have  made  possible 
the  modern  industrial  era.  Some  six  hundred  years  before  the  beginning  of  the 
Christian  era  the  Greeks  knew  that  when  certain  substances  such  as  jet  or  amber 
were  rubbed  they  had  an  attractive  influence  upon  fragments  of  straw,  feathers,  or  leaves. 
The  Greeks  did  nothing  with  their  observation  of  the  peculiar  behavior  of  amber  but  the 
memory  of  their  knowledge  still  lingers  in  the  word  electricity  from  the  Greek  elektron, 
which  signified  amber.  About  1600  a.d.  an  English  physician,  William  Gilbert,  undertook 
researches  that  opened  the  way  to  the  “age  of  electricity.”  The  story  of  the  development 
of  the  knowledge  of  electricity  is  typical  of  that  of  all  natural  science.  The  work  of 
experimentation  and  discovery  has  been  done  by  many  men  in  many  nations.  The 
resulting  knowledge  has  become  common  knowledge.  To  the  advance  of  electrical 
research  colonial  America  in  the  person  of  Dr.  Franklin  made  a  significant  and  even 
spectacular  contribution.  But  Franklin’s  work  was  exceptional  in  America.  Not  until 
near  the  end  of  the  nineteenth  century  did  the  cultural  development  of  the  young  United 
States  reach  a  point  where  American  laboratories  could  make  contributions  comparable 
to  those  of  Europe.  Yet  Americans  were  as  quick  as  any  people  in  the  world  to  apply  the 
new  energy  to  the  needs  of  everyday  life. 

Before  the  Civil  War  an  American  had  invented  the  telegraph;  not  long  after  the  end 
of  the  struggle  another  American  made  practicable  the  telephone.  The  tremendous  in¬ 
dustrial  expansion  in  the  LTnited  States  which  followed  the  war  between  the  North  and 
South  stimulated  the  application  of  electricity  to  all  manner  of  needs.  So  came  into 
being,  to  mention  but  a  few  things,  the  electric  car  and  the  railway  locomotive,  the  arc 
light,  the  incandescent  lamp,  the  wireless  telegraph  and,  finally,  the  radio. 

The  water  wheel,  the  first  extensive  source  of  power  in  America,  yielded  place  to  the 
steam  engine,  but  of  late  water  power,  in  a  new  guise,  gives  promise  of  coming  once  more 
into  its  own.  The  new  wheel  —  the  turbine  - —  has  rendered  obsolete  the  older  form  of 
water  wheels.  The  use  of  concrete  for  dams,  power  houses,  and  other  works  has  vastly 
increased  man’s  control  over  great  or  turbulent  streams.  Lastly,  the  conversion  of  the 
power  derived  from  turbines  into  electricity  has  solved  the  problem  of  power  transmission 
and  has  led  to  the  development  of  power  in  places  remote  from  the  point  of  use. 

All  types  of  turbines  differ  essentially  from  overshot,  undershot,  and  breast  water 
wheels.  The  latter  moved  by  reason  of  the  weight  or  speed  of  water  acting  upon  their 
circumference.  The  turbines,  on  the  contrary,  are  all  constructed  either  to  use  the  force 
that  originates  from  changing  the  direction  of  rapidly  running  water,  or  the  energy 
released  by  water  reactively  when  it  issues  from  a  surface.  Water  ran  over  and  under 
the  old-fashioned  wheel,  but  it  runs  through  the  turbines. 

From  the  low-roofed  power-generating  plants  lying  below  the  great  dams  thrown 
across  the  rivers,  transmission  lines  supported  by  steel  uprights  radiate  to  distant  points. 
As  the  mid-nineteenth-century  railway  with  its  graded  roadbed  and  its  steel  rails  spiked 
to  wooden  ties  symbolized  the  age  of  steam,  the  gray  transmission  lines  running  over  hills 
and  across  valleys,  through  woods  and  cultivated  fields  are  symbols  of  the  advent  of  a 
new  era,  that  of  electricity. 
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290  From  The  Growth  of  Industrial  Art ,  Washington,  1892 

The  remains  of  an  old  wheel  in  a  sawmill  at  Bow, 
scription  of  the  “Wry -Fly”  wheel.  This  wheel  is  the 
wheel  got  its  motion  from  the  kick  given  to  it  by  the 


BARKER’S  MILL,  ca.  1700 
It  is  recorded  that  at  the  end  of  the  seventeenth 
century,  a  Scotchman  named  Barker  constructed  a 
turbine,  now  historically  famous  as  “Barker’s  mill.” 
Almost  nothing  is  known  about  either  the  man  or  his 
mechanism,  although  the  latter  is  supposed  to  have 
looked  as  it  is  represented  here.  Barker’s  principle, 
upon  which  many  turbines  are  now  made,  is  that 
water  issuing  speedily  from  a  small  opening  exerts  a 
backward  pressure  or  “kick.”  If  the  surface  from 
which  the  water  jumps  is  movable  the  kick  given 
it  by  the  water  will  set  it  in  motion.  “Barker’s  mill” 
resembles  a  rotary  lawn  sprinkler. 

AN  EARLY  TUB  WHEEL  AT 
BOW,  NEW  HAMPSHIRE 
Older  perhaps  than  the  Barker  mill  is  the  “tub 
wheel,”  an  early  form  of  turbine  used  in  France 
centuries  ago.  In  1804  an  American,  Benjamin 
Tyler  of  Lebanon,  New  Hampshire,  patented  a 
“Wry -Fly”  wheel  which  resembled  the  tub  wheel. 
New  Hampshire,  seem  to  comply  closely  with  the  de- 
simplest  and  most  primitive  American  turbine.  The  tub 
water  jumping  olf  the  iron  buckets  inside  the  wheel. 


From  a  photograph,  courtesy  of  Arthur  T.  Safford,  Lowell,  Mass. 


SPIRAL  WHEEL  AT  BOW 
In  the  old  mill  at  Bow,  New  Hampshire,  where  the 
tub  wheel  was  found,  the  progress  of  turbine  develop¬ 
ment  in  America  can  be  traced  by  examining  the 
wheels  which  replaced  the  original  tub  wheel.  This 
was  followed  by  a  pair  of  spiral  wheels,  another 
early  type  of  turbine  that  ran  at  comparatively  high 
speed  at  a  place  where  the  distance  between  the 
height  of  the  water  above  a  dam  and  the  water  level 
below  the  dam  was  not  great;  that  is,  the  water  had 
a  “head”  of  only  a  few  feet.  The  twisting  of  the 
water  as  it  went  through  the  spiral  gave  the  necessary 
kick  to  the  wheel. 
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From  a  photograph,  courtesy  of  Arthur  T.  SaHord 
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293  From  a  photograpn,  courtesy  ot 
Arthur  T.  Salford 


A  ROSE  WHEEL  AT  BOW 

The  spiral  wheels  were  replaced  by  a  pair  of  rose  wheels  (No.  293),  which 
were  of  the  impulse  type,  driven  by  a  double  jet.  This  type  of  wheel  was 
not  uncommon  in  America  before  the  Civil  War. 


BOYDEN’S  FIRST 
TURBINE,  1844 
Uriah  A.  Boyden,  an  American 
engineer,  designed  a  turbine 
that  in  its  essentials,  but  with 
improvement  in  details,  was  the 
same  as  that  of  a  French  device 
developed  by  Benoit  Fourneyron 
in  1827.  This  wheel  was  in¬ 
stalled  by  Boyden  in  the  mills 
of  the  Appleton  Company,  of 
Lowell,  Mass.,  in  1844.  The 
success  met  by  the  company  in 
the  use  of  the  wheel  led  many 
other  large  corporations  in  New 
England  to  adopt  it. 


294  From  the  original  in  the  possession  of  the  Pro¬ 
prietors  of  the  Locks  and  Canals,  Lowell.  Mass. 


URIAH  A.  BOYDEN,  1804-79 


Uriah  Atherton  Boyden,  born  in  1804,  was  a  younger  brother  of  Seth  Boyden  of  Newark,  whose  portrait 
appears  on  page  204  of  this  book.  He  worked  with  the  staff  of  engineers  who  built  the  Boston  and  Providence 

Railroad ;  later  he  was  employed  on  the  construction 
of  a  dry  dock  at  the  Charlestown  Navy  Yard  and  was 
one  of  the  engineering  corps  who  built  three  mills  at 
Lowell.  These  jobs  established  Boyden’s  reputation 
so  that  he  was  called  in  as  consultant  upon  many 
engineering  works.  Accumulating  a  considerable  for¬ 
tune,  Boyden  spent  his  later  life  in  the  study  of 
electricity,  magnetism,  light,  meteorology,  met¬ 
allurgy,  and  chemistry.  Boyden  was  also  noted  for 
his  philanthropy. 


295  From  a  crayon  portrait  at  the  Harvard  Observatory 

copied  Irom  a  daguerreotype  taken  about  1845 

THE  “INWARD-FLOW”  TURBINE,  1841 
The  inward-flow  turbine  was  patented  in  1841  by  a 
Frenchman  named  Jonval.  This  turbine  received 
its  water  from  above  (or  below)  and  turned  it  in¬ 
ward  from  the  circumference  toward  the  center. 
All  similar  wheels  since  have  been  called  the  Jonval 
type.  The  Fourneyron  and  Jonval  became  the  two 
outstanding  types  of  turbines,  the  former  called  the 
outward  flow  and  the  latter  the  inward  flow. 


296  From  a  model  in  the  Conservatoire  National  des  Arts  et 
Metiers,  Paris 
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HOWD  WHEEL,  1838,  AN  EARLY  AMERICAN 
INWARD-FLOW  TURBINE 
Samuel  B.  Howd  of  Geneva,  New  York,  in  1838  secured 
the  first  American  patent  for  a  turbine  that  discharged  in¬ 
wardly.  He  did  little  with  his  patent,  however,  and  later 
followed  the  example  of  the  Lowell  experimenters  in 
developing  a  turbine  with  an  outward  flow. 
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298  From  a  photograph  taken  at  Lowell,  In  pos¬ 
session  of  the  American  Society  of  Civil  Engi¬ 
neers,  New  York 


the  Boyden  wheel.  He  became  interested  in  the 
inward-flow  turbine  and  in  1847  built  his  first  experi¬ 
mental  model,  which  was  an  improvement  over  the 
Howd  wheel.  The  Francis  wheel  was  built  on 
scientific  principles  and  developed  a  high  efficiency. 


JAMES  B. 

FRANCIS,  1815-92 
The  cotton  manufac¬ 
turers  at  Lowell, 

Massachusetts,  con¬ 
tinued  to  encourage 
the  development  of 
better  methods  of 

utilizing  the  water  Boston,  is 

power  of  the  Merrimac  River  begun  in  that  city  by  Uriah  Boyden. 
The  agent  of  the  manufacturers  for  many  years  was  James  Bieheno 
Francis,  an  Englishman,  who  came  to  Lowell  in  1834  and  remained  the 
active  head  of  the  waterworks  until  1884.  Francis  made  an  exten¬ 
sive  study  of  hydraulics,  in  which  he  became  a  leading  American 
authority.  He  experimented  with  various  types  of  turbines,  includ¬ 
ing  those  of  Boyden  and  Howd,  and  made  a  number  of  im¬ 
provements  on 


From  J.  B.  Francis, ^Lowell  Mydraulic  Experiments, 


300  From  a  photograph,  courtesy  of  Arthur  T.  Safford 


299  Francis'  First  Experimental  Wheel,  1847.  from  the  original  in  the 
possession  of  the  Proprietors  of  the  Locks  and  Canals,  Lowell,  Mass. 


“RUNNER”  OF  A  SWAIN  WHEEL 
Another  American  inventor  of  turbines  was  Asa 
Methajer  Swain,  1830-1908.  His  wheel  was  much 
like  the  Howd-Francis,  except  that  it  had  deeper 
buckets  and  more  of  them.  The  discharge  was  in¬ 
ward  and  downward.  His  first  model  wheel  produced 
in  1858  was  only  six  inches  in  diameter  but  large 
Swain  wheels  were  made  later. 
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THE  LEFFEL  TURBINE 

In  1862,  at  Springfield,  Ohio,  James  Leffel  and  Company  began 
the  manufacture  of  turbines.  This  firm  introduced  a  novel 
wheel,  the  double  turbine.  It  consisted  of  a  regular  inward- 
discharge  Francis  wheel,  and  below  it  another  of  the  inward 
downward  type.  I  his  turbine  met  with  a  wide  sale  and  even 
to-day  it  still  finds  a  market.  This  is  all  the  more  remarkable 
because  the  originator  did  not  know  —  so  it  is  said  —  just  why 
the  turbine  worked  as  well  as  it  did. 


301  James  Leffel,  1806-66,  Irom  a  photograph  in  possession 
of  Parkman  Leffel,  Springfield  Ohio 


RUNNER  OF  A  LARGE 
MODERN  TURBINE 
Although  the  early  turbines  were  small, 
modern  wheels  attain  great  size,  especially 
double  turbines  having  both  an  inward  302  Me!  Runner,  1862.  from  a  photograph,  courtesy  ol  Arthur  T.  Safford 

flow  and  downward  discharge.  Such  a  wheel  gets  one  set  of  impulses  from  the  blades  at  the  top  and  another 
as  the  water  leaves  the  vanes  on  the  bottom.  Wheels  of  this  character  are  used  at  the  Muscle  Shoals  project. 


303  From  a  photograph,  courtesy  ol  the  William  Cramp  &  Sons  Ship  and  Engine  Building  Company,  Philadelphia 


122  THE  PAGEANT  OF  AMERICA 


304  The  Poncelet  Wheel,  1826,  from  a  model  In  the  Conservatoire  National  des  305  Jean  Victor  Poncelet,  1788-1867,  from  a  bust  In 

Arts  et  Metiers,  Paris  the  Conservatoire  National  des  Arts  et  Metiers, 

Paris 


THE  IMPULSE  WHEEL 

Another  type  of  water  wheel  differing  essentially  from  the  old-fashioned  impact  wheel  as  well  as  from  the 
turbine,  is  called  the  impulse  wheel.  It  consists  of  a  jet  of  water  under  high  pressure  directed  against  a  wheel 
having  vanes  or  cups  on  its  circumference.  Impulse  wheels  generally  run  at  high  speeds  and  are  adapted  to 
sites  where  the  water  has  considerable  drop  or  “head,”  as  engineers  call  it. 

In  Europe  the  impulse  wheel  is  credited  to  Poncelet,  in  America  to  Pelton.  As  an  officer  in  Napoleon’s 
army  Jean  Victor  Poncelet  was  captured  during  the  retreat  from  Moscow.  While  in  captivity  he  made 
researches  in  mathematics,  especially  in  geometry.  His  later  work  in  this  field  gives  him  a  claim  to  be  con¬ 
sidered  the  founder  of  modern  geometry.  As  an  outgrowth  of  his  studies  he  became  interested  in  practical 
mechanics  and  invented  his  famous  water  wheel  in  1826. 


306  From  a  photograph  In  the  possession  of  the 

Pelton  Water  Wheel  Company,  San  Francisco 


LESTER  A.  PELTON,  1829-1910, 
INVENTOR  OF  THE  PELTON  WHEEL 
Lester  A.  Pelton,  whose  name  is  given  to  the  im¬ 
pulse  wheel  in  America,  was  born  in  Vermilion, 
Ohio,  in  1829.  At  twenty -one  he  drove  an  ox  team 
from  Ohio  to  the  California  gold  fields,  where  for 
the  next  fourteen  years  he  engaged  in  mining 
without  much  success.  Mining  called  for  power 
machinery,  but  steam-driven  mechanisms  were  too 
costly,  due  to  the  long  overland  or  sea  journey  of 
parts  and  also  to  the  lack  of  fuel.  Observing  the 
power  developed  by  the  jets  at  the  ends  of  sluicing 
hose  in  hydraulic  mining,  Pelton  made  experiments 
to  determine  the  best  kind  of  wheel  to  receive  and 
utilize  this  energy.  After  many  trials,  he  patented 
a  wheel  with  specially  shaped  divided  buckets  on 
its  circumference.  For  years  Pelton  struggled  to 
get  his  wheel  adopted,  and  at  length  in  San  Fran¬ 
cisco  received  sufficient  financial  backing  to  make 
his  invention  a  success. 


THE  ERA  OF  ELECTRICITY 


123 


A  PELTON  WHEEL  OF  THE  ’EIGHTIES 
A  typical  Pelton  wheel  of  the  ’eighties  (No.  307)  was 
a  small  affair  and  apparently  simple  in  its  details. 
Wheels  of  this  character  are  still  used  for  small  in¬ 
stallations.  The  water  shooting  out  of  the  nozzle 
hits  the  cups  and  causes  the  turbine  to  revolve  at 
high  speed. 


308  From  a  photograph,  courtesy  of  the  Pelton  Water  Wheel  Company 


307  From  a  photograph,  courtesy  of  the  Pelton  Water  Wheel  Company 


A  MODERN  PELTON  WHEEL 
Constant  experiment  and  improvement  have  de¬ 
veloped  large-size  Pelton  wheels  (No.  308)  used 
primarily  in  the  production  of  electrical  energy,  but 
I  elton  wheels  as  a  class  have  never  been  as  popular 
as  turbines. 


View  of  Niagara  Falls  from  the  Canadian  side.  ©  Rau  Studios,  Inc. 


NIAGARA  FALLS,  A  POWER  SOURCE 

The  invention  and  improvement  of  the  turbine  made  it  possible  to  develop  water  power  on  a  large  scale. 
Numerous  power  sites  capable  of  yielding  enormous  power  were  for  the  first  time  in  a  position  to  be  developed 
scientifically.  Among  the  most  noted  and  earliest  of  the  attempts  to  utilize  the  turbine  for  water  power  was 
the  harnessing  of  Niagara,  begun  in  the  year  1895  and  successfully  accomplished.  The  idea  of  utilizing  the 
power  of  this  great  waterfall  had  occurred  before,  but  with  the  wheels  then  available  it  was  like  trying  to  bind 
a  giant  with  a  thread. 
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THE  POWER  BEHIND  NIAGARA  FALLS 

The  diagram  sliows  why  Niagara  Falls  is  a  great  power  site.  Back  of  the  Falls  are  four  enormous  lakes  — 
Erie,  Huron,  Michigan,  and  Superior.  Acting  as  reservoirs  for  the  Niagara  River,  they  give  it  an  even  ow 
with  little  variation  between  high  water  levels  and  low,  the  most  desirable  condition  for  commercial  water¬ 
power  exploitation.  The  four  upper  lakes  are  from  326  to  354  feet  higher  in  level  than  Lake  Ontario.  Of  this 
difference  160  feet  is  accounted  for  at  the  Falls.  The  Niagara  River  is  no  shallow  rivulet,  but  a  mighty  torrent 
twenty  feet  deep  at  the  crest  of  the  Horseshoe  and  flowing  275,000  cubic  feet  per  second,  with  6,000  cubic  miles 
of  water  behind  it  to  maintain  its  flow.  As  much  potential  power  goes  over  the  brink  of  Niagara  daily  as  is 
contained  in  all  the  coal  mined  in  a  day  throughout  the  world. 


CONSTRUCTION  WORK  AT  NIAGARA,  1891 
The  first  use  of  the  enormous  power  available  at  Niagara 
was  made  in  1725,  when  a  tiny  bit  of  the  stream  was  di¬ 
verted  to  run  a  sawmill.  Other  small  diversions  followed. 

A  more  ambitious  development,  completed  in  1861,  con¬ 
sisted  of  a  canal  leading  from  above  the  Falls  to  a  basin 
214  feet  above  the  current  of  the  lower  river.  Upon  the 
edge  of  the  basin  several  mills  were  erected  which  in  1885 
were  using  10,000  horse  power.  In  that  year  a  suggestion 
was  made  by  Thomas  Evershed,  a  state  engineer,  for  a  far 
greater  utilization  of  the  power  of  Niagara  by  means  of 
wheel  pits  a  mile  above  the  Falls  with  a  tunnel  discharging 
inconspicuously  below,  thus  avoiding  marring  the  beauty  of  the  Falls.  The  project  was  taken  up  by  a  group 
of  capitalists  and  construction  was  begun  in  October,  1890.  It  involved  a  huge  excavation  project. 
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Building  the  Tunnel,  from  Harper’s  Weekly, 
Dec.  26,  1891 
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Digging  the  Canal,  from  Harper’s  Weekly,  Dec.  26,  1891 
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VIEWS  OF  THE  NIAGARA  DEVELOPMENT  OF  THE  ’NINETIES 
A  PIT  was  dug  about  a  mile  above  the  Falls  and  a  quarter  of  a  mile  from  the  river.  The  pit  was  connected 

ptes  m^Irti'eTu  a  Tal„(A)-  The  artMcial  W“lerf'*11  UlUS  «■*“*  -  was  led  into  a  series^ 

Ton!  i  1  [  nl  0f,each  pipe  was  a  water  turbine  (C).  The  power  generated  by  the  wheel  turned  a 

long  metal  column  (D)  standing  in  the  pit  beside  the  pipe.  The  upper  end  of  this  column  ran  into  the  center 

short  ss’&’ssr  The  waste  ™  ^  by . 

large  tuimel  (G),  built  at  a  slope  sufficient 
to  give  the  water  a  speed  of  twenty  miles 
an  hour.  The  tunnel  discharged  its  water 
into  the  lower  Niagara  River.  Such  was 
the  scheme  for  utilizing  the  energy  of 
the  Falls  without  defacing  one  of  the  finest 
bits  of  natural  scenery  in  America. 


ONE  OF  THE  NIAGARA  TURBINES 
To  secure  the  latest  information  concerning  turbines  and  power  transmission 
the  company  established  in  London  in  June,  1890,  an  International  Niagari 

Commission  witl 


315 


From  the  Scientific  American ,  April  4,  1896 


power  to  award 
000  in  prizes.  Inves 
tigations  were  ther 
made  in  England, 
Switzerland,  France, 
and  Italy  and  twenty 
competitive  plans 
were  submitted.  The 
result  of  the  competi¬ 
tion  was  the  selection 
of  the  firm  of  Feasch 
and  P iccard  of  Gene  va 
as  designers  of  the 
turbines.  They  were 
of  the  Fourneyron  in¬ 
verted  twin  type. 


314  From  the  Scientific  American. 
March  5,  1892 
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THE  NIAGARA  GENERATORS 
Both  the  turbines  and  generators  at  Niagara  attracted 
world-wide  attention  because  of  their  unfamiliar  size. 
In  the  original  1890  project  ten  generators  were  placed 
in  line,  one  for  each  of  the  ten  turbines  of  the  project. 
These  generators  were  each  capable  of  producing  5,000 
horse  power.  They  were,  however,  but  the  first  step 
in  large-scale  water-power  mechanism.  To-day  the 
generators  installed  at  Niagara  are  each  capable  of 
producing  ten  times  the  horse  power  which  came  from 
their  predecessors  of  the  ’nineties. 


THE  FUTURE  OF  NIAGARA 
Since  1890  the  utilization  of  the  power  of  Niagara  has 
vastly  increased.  In  both  the  United  States  and 
Canada  huge  plants  for  generating  electricity  have 
been  erected.  In  1925  nearly  500,000  horse  power 
were  made  available.  Yet  this  is  but  a  small  part 
of  the  energy  in  the  great  falls  which  has  been  esti¬ 
mated  at  between  5,800,000  and  6,500,000  horse 
power.  Compared  with  the  theoretical  possibilities 
the  actual  development  is  small.  Yet  men  and  women 
all  over  Canada  and  the  United  States  have  risen  to 
prevent  the  marring  of  the  beauty  of  one  of  the 
world’s  superb  waterfalls.  The  fruit  of  their  labors  is  317 

a  treatv  ratified  in  1910  between  Great  Britain  and  the 

United  States  limiting  the  ultimate  utilization  of  power  to  twenty-five  per  cent  of  the  total  energy  of  the 
Falls.  For  generations  men  have  stood  beside  that  plunging  cataract  and  have  caught  a  glimpse  of  the  mig  y 
force  pent  up  in  nature.  They  have  decreed  that  the  generations  to  come  shall  not  be  robbed  of  a  spin  ua 
influence  which  is  one  of  those  imponderable  yet  potent  factors  in  human  life. 


Modern  Generators  at  Niagara,  courtesy  oi  rue 
General  Electric  Company 


The  1890  Generators,  Irom  the  Scientific  American, 
Jan.  25,  1896 
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A  California  Pipe  Line,  courtesy  of  the  Pacific  Tank  and  Pipe  Company,  San  Francisco 


PIPING  WATER 
TO  A  DISTANT 
TURBINE 

With  the  old-fashioned 
water  wheels  and  some 
of  the  first  turbines, 
water  was  carried  from 
the  stream  above  the 
dam  to  the  power  house 
by  means  of  a  surface 
canal  known  as  the 
‘  ‘  intake  ”  or  “  head¬ 
race.”  Such  a  canal 
was  used  in  the  earliest 
Niagara  developments. 
One  of  the  advantages 
of  the  modern  turbine 
is  that  the  ancient  in¬ 


take  canal,  expensive  to  build  and  to  maintain,  may  now  be  discarded.  Water  for  a  turbine  may  be  carried 
to  the  wheel  in  a  pipe  above  or  below  ground,  on  the  level,  or  up  and  down  grade,  in  a  straight  line  or  curve. 
This  flexibility  greatly  enhances  the  practicality  of  water-power  development. 


THE  RELATIVE  IMPORTANCE  OF  WATER  POWER 
In  considering  the  position  of  water  power  it  is  desirable  to  know,  in  terms  of  horse  power,  its  actual  increase, 
but  still  more  the  relation  of  the  use  of  water  power  to  all  other  sources  of  power.  Statistics  show  that  the  use 
of  water  power  has  constantly  increased,  except  during  the  World  War  period,  but  all  other  forms  of  power 
have  likewise  increased  and  at  a  much  more  rapid  rate,  so  that  the  proportion  of  the  total  power  that  is  supplied 
from  water  shows  a  constant  decline.  A  revived  interest  in  water  power,  however,  is  indicative  of  possible 
future  expansion  and  on  that  account  any  present-day  development  of  it  deserves  attention. 
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Redrawn  expressly  for  The  Pageant  of  America,  by  Gregor  Noetzel  from  a  map  by  W.  B.  Heroy  for 
the  United  States  Geological  Survey 


POTENTIAL  WATER  POWER  AREAS 


To  calculate  some  of  the  future  possibilities  in  connection  with  water  power,  it  is  of  value  to  know  where  the 
potential  water  power  sites  are  and  also  to  have  information  concerning  the  amount  of  this  potential  power. 
As  one  would  expect,  it  is  the  mountainous  and  hilly  fringes  of  the  United  States  that  possess  the  greatest 
natural  resources  in  probable  water  power. 


UNITED  STATES 


AVERAGE  ANNUAL 
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Redrawn  expressly  for  The  Pageant  of  America,  by  Gregor  Noetzel  from  a  map  by  Henry  Gannett  for 

the  United  States  Geological  Survey 


RELATION  OF  WATER  POWER  TO  RAINFALL 
Potential  water  power  is  naturally  dependent  upon  rainfall.  The  areas  of  greatest  rainfall  in  the  United 
States  are  at  the  mouth  of  the  Mississippi  and  in  the  Pacific  northwest.  All  of  the  eastern  states  are,  how¬ 
ever,  sufficiently  blessed  with  rainfall.  Another  set  of  factors  to  be  considered  in  dealing  with  water  power 
is  the  slope  and  form  of  the  land,  the  nature  of  the  soil  and  its  covering.  The  regions  of  heaviest  rainfall 
are  also  the  areas  of  most  diverse  topography.  The  Appalachians,  the  Rockies,  and  particularly  the  Cascades 
and  Olympic  Mountains  are  amply  supplied  with  rainfall  for  water-power  development. 
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The  large  number  of  power  sites  in  the  Mississippi  valley  and  Great  Plains  draw  from  streams  that  rise  in  the 
rainy  mountains.  Most  of  the  available  valley  sites  have  been  taken  up  and  future  developments  of  water 
power  must  be  looked  for  in  regions  that  are  not  far  from  the  mountains  and  which  are  bathed  in  copious 
rains  or  snows. 


324  Power  Plant,  Turners  Falls,  Mass,,  courtesy  ol  the  General  Electric  Company 


HYDROELECTRIC  POWER  IN  NEW  ENGLAND 
To-day  hydroelectric  power  plants  are  scattered  over  the  entire  country.  In  New  England,  where  coal  is 
costly,  considerable  interest  and  initiative  have  been  shown  in  the  development  of  the  modern  use  of  water 
power.  High  tension  transmission  lines  lead  from  its  mountains  and  hills  to  its  industrial  valley  cities  and 
towns  and  to  places  of  dense  settlement  along  the  coast. 
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Cohoes,  N.  Y.,  Power  Plant,  courtesy  ol  the  General  Electric  Company 


DEVELOPMENT 
IN  THE  STATE 
OF  NEW  YORK 
There  is  a  power  sta¬ 
tion  at  the  mouth  of 
the  Mohawk  River 
where  it  enters  the 
Hudson  above  Troy. 
Besides  Niagara,  the 
Adirondacks  and  Cats¬ 
kills  as  well  as  the 
uplands  of  southwest¬ 
ern  New  York  present 
many  potential  and 
actual  water  power 
sites  in  the  Empire 
State. 
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General  View  of  the  McCall’s  Ferry  Development,  from  a  photograph  by  C.  F.  Havercamp,  Chester,  Pa. 


THE  McCALL’S 
FERRY 

DEVELOPMENT 
One  of  the  largest 
power  projects  in  the 
Middle  Atlantic  states 
is  that  at  McCall’s 
Ferry,  Pennsylvania. 
Among  other  communi¬ 
ties  supplied  from  this 
source  with  hydroelec¬ 
tric  power  is  the  city  of 
Baltimore.  The  char¬ 
acteristic  transmission 
line  is  a  set  of  wire 
cables  strung  from  steel 
masts.  Wherever  mod¬ 
ern  water  power  is  ex¬ 
ploited  the  high  tension 
transmission  line  is  a 
familiar  sight. 


327  Power  Plant  and  Transmission  Lines  at  McCall’s  Ferry,  Pa.,  from  a  photograph  by  C.  F.  Havercamp 
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328  Wilson  Dam,  Muscle  Shoals,  Alabama.  ©  Ewing  Galloway 


WATER  POWER  IN  THE  SOUTH 

One  of  the  many  reasons  why  the  South  seriously  threatens  the  supremacy  of  New  England  in  cotton  manu¬ 
facture  is  its  large  use  of  electrical  power.  Although  coal-fired  steam  engines  connected  with  generators  pro¬ 
duce  some  of  the  power,  most  of  it  is  derived  from  waterfalls  in  the  Piedmont. 

One  of  the  most  interesting  and  most  discussed  of  southern  water-power  projects  is  Muscle  Shoals,  a  work  not 
yet  completed  when  this  was  written.  This  undertaking  is  somewhat  akin  in  present  times  to  the  harnessing 
of  Niagara  Falls  in  a  former  generation;  in  many  respects  it  is  comparable  to  the  building  of  the  Panama  Canal. 
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Dam  Across  the  Mississippi  at  Keokuk,  Iowa,  courtesy  ol  the  General  Electric  Company 


HARNESSING  THE  “FATHER  OF  WATERS” 

The  Mississippi  long  defied  the  control  of  man  except  near  its  headwaters,  as  at  the  Falls  of  St.  Anthony; 
but  concrete  has  subdued  this  mighty  river  and  electricity  has  made  it  useful  in  a  new  way.  The  power  house 
at  the  extreme  left  has  behind  it  the  locks  and  dry  docks  necessary  for  navigation.  Transmission  lines  carry 
Keokuk  power  far  into  Illinois  as  well  as  into  Iowa. 
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Power  Plant  at  Spokane,  Washington,  courtesy  of  the  General  Electric  Company 


POWER  ON  THE  PACIFIC  COAST 

Washington  and  Oregon,  with  the  precipitous  streams  of  the  Cascades  and  the  Olympics,  as  well  as  those 
among  the  Rockies,  hold  the  greatest  future  promise  for  water-power  development  in  America.  More  than 
half  of  the  potential  water  power  of  the  United  States  is  in  this  region. 


LONG  DISTANCE  DISTRIBUTION  OF  POWER 
A  great  advantage  of  modern  turbines  is  that  their  power  may  be  distributed  in  the  form  of  electricity.  This 
means  that  formerly  remote,  inaccessible  power  sites  which  were  economically  useless  are  now  made  available 
for  man’s  benefit.  The  old  mill  had  to  locate  at  the  source  of  power  because  of  the  limitation  of  water  wheels 
and  rope,  wire  or  belt  transmission.  But  the  factory  may  now  be  placed  at  will  and  electric  power  carried  to  it. 
At  first  the  range  of  electrical  transmission  was  small:  the  first  power-project  promoters  at  Niagara,  for 
example,  debated  whether  they  could  send  their  power  as  far  as  Buffalo.  Transmission  for  two  hundred  miles 
is  now  common  and  five  hundred  miles  possible.  This  is  with  wires.  If  we  ever  have  wireless  transmission 
of  power,  no  man  can  say  what  limit  is  to  be  placed  upon  the  distance  between  the  point  of  power  production 
and  power  consumption. 

A  transmission  line  re¬ 
sembles  a  railway  right  of 
way.  Straight  across 
country,  uphill  and  down 
dale,  the  procession  of  steel 
masts  may  be  traced.  In¬ 
deed,  the  power  lines  can 
climb  grades  and  cross 
ranges  that  no  railroad 
could  surmount.  In  wild 
and  wooded  country  a  path 
is  cut  for  the  line  and  kept 
cleared  of  all  growth.  It 
is  often  the  only  opening  in 
miles  of  forest  land.  Like 
the  pipe  line  for  carrying 
petroleum  the  transmission 
line  is  one  of  the  triumphs 

of  modern  engineering  skill.  331  High  Tension  Transmission  Lines  from  Holt, wood  to  Baltimore,  courtesy  of  the  Consolidated  Electric 
°  °  Light  and  Power  Company,  Baltimore 
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A  Proposed  Superpower  System  for  the  Bast.  Redrawn  expressly  for  The  Pageant  of  America,  by  Gregor  Noetzel  from  a  map  in 

Professional  Paper  123,  United  States  Geological  Survey 


GIANT  POWER 

“We  are  on  the  threshold  of  a  technical  revolution.  Through  high  voltage  transmission  lines,  mechanical 
engineers  are  harnessing  the  rivers  and  the  coal  seams  to  electrical  generators  having  the  capacity  of  hundreds 
of  thousands  of  horses.  They  are  gathering  the  stored  energy  of  the  sun  into  reservoirs  of  power  that  compare 
with  the  isolated  steam  engine  as  a  mobilized  nation  compares  with  the  minute  man.  The  forces  for  good  and 
evil  latent  in  Giant  Power  surpass  those  ushered  in  when  Watt’s  engine  harnessed  coal  to  the  looms  of  Eng¬ 
land.  .  .  .  The  immediate  objective  of  Giant  Power  is  the  conversion  of  all  our  primary  energy  resources  into 
regional  systems  which  will  then  be  integrated  into  a  nation-wide  federation  of  systems.  There  is  abundant 
evidence  that  our  commercially  available  energy  resources  ...  are  in  process  of  incalculable  increase.  .  .  . 
For  the  mechanical  engineers  are  far- visioned.  They  are  dreamers  of  dreams.  Most  of  the  great  inventions 
upon  which  the  possibility  of  Giant  Power  rests  were  only  recently  little  points  of  light  in  the  groping  imagina¬ 
tions  of  men  whom  even  their  professional  colleagues  regarded  as  impractical  visionaries,  as  they  once  regarded 
Langley,  inventor  of  the  aeroplane.  But  mechanical  engineers  have  developed  a  technique  for  the  conversion 
of  their  dreams  into  realities.”  —  Robert  W.  Bruere  in  The  Survey,  New  York,  March,  1924. 
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A  VISION  OF  COUNTRY-WIDE  SUPERPOWER 
“Mechanical  energy  is  the  life  blood  of  our  modern  civilization.  Its  volume,  distribution  and  use,  almost 
more  than  climate  itself,  condition  the  human  environment.  ...  In  the  United  States  the  new  technical 
revolution  is  still  dominated  by  the  same  acquisitive  drive  which  dominated  the  eighteenth  century  steam 
revolution.  .  .  .  Knowing  in  advance  what  is  in  Pandora’s  box,  shall  we  let  the  lid  be  lifted  —  laissez-faire, 
let  her  rip  —  or  shall  we  by  taking  counsel  together,  seek  to  win  the  nascent  blessings  of  the  new  technical 
revolution  without  turning  loose  its  potential  plagues?”  —  Robert  W.  Bruere. 


334  Power  Plant  Near  Mine,  Hauto,  Pa.,  courtesy  of  the  Pennsylvania  Power  and  Light  Company,  Allentown,  Pa. 


GENERATING  POWER  AT  THE  MOUTH  OF  THE  COAL  MINE 
Included  in  the  “superpower”  system  are  a  number  of  steam  electric  plants.  Some  of  these  are  along  the 
coast  and  use  water-borne  coal,  but  the  most  interesting  are  those  located  at  the  coal  mines.  Hydroelectricity 
carried  by  wires  from  a  remote  source  to  users  has  demonstrated  the  feasibility  of  electric  power  transmission. 
This  has  suggested  that  the  carriage  of  coal  on  congested  railroads  to  individual  power  producers  is  economic 
waste.  Great  electric  power  plants  at  mine  mouths  are  advocated  whose  power  could  be  carried  anywhere 
within  two  hundred  miles  and  perhaps  within  five  hundred  miles.  There  is  no  place  in  the  United  States 
more  than  two  hundred  miles  from  a  possible  mine  power  house  or  a  possible  hydroelectric  station.  With 
a  great  superpower  system,  no  man  can  predict  what  it  would  mean  in  economy,  comfort  and  convenience. 
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THE  PHILOSOPHER  AND  HIS  KITE 
Benjamin  Franklin,  printer,  philosopher,  statesman  and  diplomat, 
was  also  a  scientist.  He  made  many  experiments  with  electricity  — 
the  most  famous  being  that  with  his  epochal  kite.  Franklin,  to  prove 
his  theory  that  lightning  and  electricity  were  identical,  built  a  small 
kite  of  cedar  strips  covered  with  a  large  thin  silk  handkerchief,  the 
latter  to  withstand  the  wind  and  rain  of  a  thunderstorm.  Projecting 
beyond  the  top  of  the  kite,  driven  into  the  upper  cedar  arm  was  a 
long,  sharp,  pointed  iron  wire.  Fearing  a  repetition  of  the  experience 
of  Von  Ivleist  with  the  Leyden  jar,  Franklin  hitched  a  silk  ribbon  to 
the  end  of  the  kite  string  to  serve  as  a  nonconductor  and  safeguard. 
At  the  junction  of  the  cord  and  the  ribbon,  Franklin  tied  a  large  iron 
door  key. 

Upon  the  approach  of  a  thunderstorm  Franklin  took  his  kite  out 
of  doors  and  flew  it.  To  avoid  the  ribald  jeers  of  his  neighbors  at 
seeing  a  middle-aged  man  flying  a  kite  in  a  rainstorm  Franklin  made 
his  small  son  accompany  him  and  appear  to  take  part  in  the  sport. 

Franklin  at  first  got  no  results  and  was  vastly  disappointed,  but  upon  the  kite  s  flying  into  a  black  cloud  he 
got  an  electric  shock  when  he  approached  the  key  with  his  knuckle.  Later,  when  the  kite  cord  was  thoroughly 
wet  —  water  being  an  excellent  electrical  conductor  —  electricity  ran  down  the  cord  and  out  at  the  key  in  a 
stream.  Putting  his  proof  into  immediate  practical  use  for  mankind’s  benefit  -  as  was  his  custom  F ranklin 
started  an  agitation  for  the  protection  of  buildings  by  means  of  lightning  rods. 

In  later  experiments  Franklin  completed  the  identification  of  lightning  with  electricity  by  proving  that  some 
clouds  are  positively  charged  and  some  negatively,  just  as  is  the  case  with  electric  poles,  and  that  the  light¬ 
ning  flash  leaps  from  cloud  to  cloud  precisely  as  the  spark  jumps  the 
gap  between  two  “poles.” 

FRANKLIN’S  WORK  ON  ELECTRICITY 
Franklin,  a  good  scientist,  was  also  a  good  publicist,  perhaps  by  reason 
of  his  trade  as  a  printer.  So  he  put  his  electrical  researches  into  a  book 
which  first  appeared  in  1751.  This  gained  him  a  world-wide  audience. 

MICHAEL  FARADAY,  INVENTOR  OF  THE  DYNAMO 
Michael  Faraday,  1791-1867,  a  British  scientist,  was  one  of  the 
most  prominent  experimenters  in  the  whole  history  of  electricity.  His 
contributions  to  electrical  knowledge  cause  his  name  to  be  revered 
among  scientists  along  with  Volta  (volt).  Ampere  (ampere)  and  Ohm 
(ohm).  In  1812  Faraday,  then  twenty-one  years  of  age,  seized  an 

opportunity  to  hear  a  lecture  by 
Sir  Humphry  Davy,  the  leading 
British  scientist.  Faraday  was  so 
interested  that  he  sent  Davy  a 
copy  of  the  notes  he  had  taken  on 
the  lecture  and  asked  to  be  em- 

..1,, I  +1,0  336  From  the  first  edition,  London,  1751,  Id. 

ployed  by  tile  master,  lhe  letter  the  United  Engineering  Societies  Library. 

and  notes  must  have  impressed  New  York 

Davy  for  he  gave  Faraday  a  position  as  chemical  assistant.  Within 
seven  years  Faraday’s  researches  and  discoveries  began  to  attract 
attention,  and  until  his  death  in  1867,  he  continued  to  startle  the 
scientific  world  with  the  results  of  his  genius.  But  Faraday’s 
fame  rests  chiefly  upon  his  work  with  electricity.  He  did  much  to 
clear  up  the  mysterious  relation  between  magnetism  and  electricity, 
the  induction  of  electric  currents,  and  the  creation  of  currents  by 
motion  of  electric  conductors  in  a  magnetic  field.  The  latter  led  to 

337  From  a  photograph  given  by  Faraday  to  ,  „  .  ,  .  , 

Cyrus  W.  Field,  in  the  United  States  National  pls  dynamo,  the  first  machine  of  its  kind. 
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From  Alglave  and  Boulard,  The  Electric  Light, 
New  York,  1884 


FARADAY’S  DYNAMO,  1831 
Faraday  on  October  17,  1831,  made  the  experiment  of 
moving  a  permanent  bar  magnet  in  and  out  of  a  coil 
of  wire  attached  to  an  electric  indicator.  The  motion 
set  up  a  current  of  electricity  in  the  coil  that  was  regis¬ 
tered  on  the  indicator.  With  this  discovery  Faraday 
hastened  to  construct  a  machine  that  would  make  his 
finding  useful.  In  eleven  days  he  had  produced  the 
first  electric  dynamo. 

Before  the  dynamo,  electric  current  was  secured  by 
frictional  machines  or  from  chemical  reactions  such  as 
took  place  in  the  Voltaic  pile  or  battery.  Although 
large  amounts  of  current  could  be  obtained  its  cost  was 
prohibitive  except  for  endowed  research. 

A  dynamo  is  a  machine  that  changes  mechanical 
energy  into  electrical  energy,  just  as  a  boiler  changes  the  heat  energy  of  coal  into  the  expansive  energy  of 
steam,  or  as  the  steam  engine  turns  the  expansive  energy  of  steam  into  mechanical  energy.  Some  form  of 
energy  must  be  used  to  run  a  dynamo;  this  may  be  human  muscle,  a  steam  engine  or  a  water  wheel.  If 
electric  current  is  the  motive  force  of  a  dynamo,  then  the  latter  is 
not  a  dynamo  at  all  but  an  electric  motor.  Thus  the  same  machine, 
with  some  adjustments,  may  be  used  either  as  a  dynamo  or  an 
electric  motor. 

PIXII’S  DYNAMO,  1832 

Although  Faraday  himself  did  nothing  further  with  his  dynamo,  such 
a  discovery  could  not  go  undeveloped  in  the  scientific  world.  A 
Frenchman  named  Hippolyte  Pixii  worked  with  Faraday’s  dynamo 
until  in  1832  he  produced  a  new  variety.  In  Faraday’s  machine  the 
magnet  was  fixed,  and  an  electric  conductor  moved  past  it;  Pixii  re¬ 
versed  this  practice  and  moved  a  magnet  past  an  electrical  conductor. 

Dynamos  produce  a  current  that  fluctuates  —  called  “alternating.” 

For  many  kinds  of  electrical  work  a  steady  current  is  best,  so  dynamos 
must  be  so  arranged  that  their  alternating  currents  may  be  changed 
into  direct  currents.  The  commutator  upon  a  dynamo  does  this  work. 

Pixii’s  dynamo  possessed  a  commutator,  a  significant  contribution. 

The  dynamo  was  a  momentous  step  in  the  development  of  elec¬ 
tricity  for  general  use  in  everyday  life.  It  is  one  of  those  in¬ 
ventions  upon  which,  like  a 
foundation,  rests  a  vast  super¬ 
structure  of  correlated  de¬ 
vices. 
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From  a  full-sized  replica  In  the  United 
States  Natural  Museum 


340  Head  and  bust  of  the  Henry  statue  by 
W.  W.  Story  (1819-95),  In  the  grounds  of  the 
Smithsonian  Institution,  Washington 


JOSEPH  HENRY,  1797-1878 

The  first  American  after  Franklin  to  gain  eminence  as  an  electrical 
experimenter  was  Joseph  Henry.  Born  in  Albany,  New  York,  he 
attended  Albany  Academy,  and  became  a  teacher  there.  Henry  made 
an  intensive  study  of  magnets  and  magnetism,  and  invented  some  small 
electromagnets.  He  next  showed  that  a  core  of  iron  could  be  electrically 
magnetized  from  a  distance.  This  he  demonstrated  with  an  electric 
bell,  the  first  one  in  the  world.  The  importance  of  the  discovery,  how¬ 
ever,  was  not  its  usefulness  for  bells  but  in  telegraphy  and  telephony 
which  came  later.  A  statue  in  his  honor  was  erected  in  the  grounds 
of  the  Smithsonian  Institution,  of  which  he  had  been  the  first  secretary 
and  director. 
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MOSES  G.  FARMER,  1820-93 

The  dynamo,  like  the  electric  cell,  was  the  work  of  a  succession  of  men  who 
little  by  little  added  to  the  precision  of  the  machine.  In  America  the  first 
patent  for  a  dynamo  was  issued  to  Moses  G.  Farmer  in  1875.  Farmer  was 
also  the  first  man  to  carry  passengers  upon  an  electric  railway.  He  invented, 
besides,  the  first  telegraphic  fire  alarm,  the  first  thermoelectric  battery,  and 
the  first  automatic  system  of  electric  lighting. 


WALLACE-FARMER  DYNAMO,  1875 
Farmer  constructed  a  dynamo  that  produced  the  current  which  lighted 
portions  of  the  buildings  at  the  Philadelphia  Centennial  (1876).  In  making 
this  dynamo  Farmer  was  associated  with  William  Wallace,  an  Englishman 
by  birth,  who  resided  in  Ansonia,  Connecticut.  A  national  authority  on 
copper,  zinc  and  tin,  Wallace 
invented  an  electric  wire 
with  a  steel  core  and  an 
electric-plated  copper  cover¬ 
ing.  The  core  gave  strength  and  lightness  while  the  plating 
gave  electric  conductivity.  He  was  also  the  inventor  of  an 
arc  lamp.  The  Wallace-Far mer  dynamo  was  really  two  in 
one.  The  armature  consisted  of  a  number  of  bobbins,  all 
connected  in  an  endless  ring  and  each  joined  by  wire  to  a 
commutator  bar.  There  were  two  sets  of  bobbins  and  two 
commutators  and  two  electric  magnets.  Each  half  of  the 
dynamo  could  be  used  to  run  different  circuits  or 
be  joined  to  form  one  powerful  dynamo. 


they  could 
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From  the  original  in  the  United  States  National 
Museum 


341  Courtesy  of  the  American  Tele¬ 
phone  and  Telegraph  Company,  New 
York 


THOMSON-HOUSTON  ARC  DYNAMO,  1878 


Elihu  Thomson  and  Edwin  J.  Houston  in  1878  produced  a  dynamo  (No.  343)  that  for  many  years  wTas  the 
standard  equipment  in  electric  lighting  stations.  This  dynamo  contained  one  improvement  of  importance; 
it  was  self-regulating.  If  the  number  of  lamps  burning  at  one  time  changed,  the  resulting  shift  in  the  load 

upon  the  dynamo  was  compensated  within  the 
dynamo  and  an  even  flow  of  current  was  maintained. 


343  From  the  original  In  the  United  States  National  Museum 


A  MODERN  DYNAMO 
Modern  dynamos  are  of  all  sizes,  from  tiny  affairs 
actuated  by  the  water  power  of  a  farmer’s  brook  to 
machines  of  enormous  capacity  such  as  those  in  the 
lighting  plants  of  New  York  City,  where  the  dynamo 
is  operated  by  a  giant  steam  turbine.  Small  or 
large,  dynamos  all  have  a  family  resemblance;  the  circular  form,  the  coils  of  wire,  the  commutator  bars 
and  the  rigid  iron  or  steel  shell  all  look  alike  despite  their  differences  in  size. 


344 


Courtesy  of  the  General  Electric  Company 
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SIR  HUMPHRY  DAVY,  1778-1829 
Most  of  the  efforts  to  produce  illumination  by- 
means  of  electricity  have  been  confined  to  two 
types  of  devices;  one  the  electric  arc,  the 
other  the  incandescent  lamp. 

About  1809  an  English  chemist,  Humphry 
Davy,  demonstrated  that  an  electric  spark 
could  be  maintained  for  a  long  time  by  con¬ 
necting  two  sticks  of  charcoal  by  wires  to 
the  positive  and  negative  terminals  of  a 
powerful  battery.  Gradually  separating  the 
two  sticks  until  they  were  about  three  inches 
apart,  he  found  that  the  current,  instead  of 
ceasing  when  the  contact  between  the  char¬ 
coals  was  broken,  continued  to  flow  across  the 
space  between  the  two  sticks.  In  doing  so, 
part  of  the  charcoal  was  heated  and  converted 
into  a  brilliant  flame.  Davy  called  this  flame 
an  “arc”  because  the  heated  gases  in  rising 
assumed  an  arch  shape.  This  experiment 
began  the  development  of  the  electric  arc 
light.  Davy’s  arc  light  was  but  one  of  the 
triumphs  of  a  life  of  distinguished  scientific 
service  which  won  him  first  the  honor  of 
knighthood  and  later  that  of  baronet. 


345  From  the  portrait  after  Sir  Thomas  Lawrence  (1769-1830),  in  the 
National  Portrait  Gallery,  London 


ARCHEREAU’S  ARC  LAMP,  1848 
Following  Davy’s  demonstration  of  the  electric  arc, 
wide  experimentation  led  to  the  discovery  that  most  of 
the  light  of  the  arc  came  from  the  tip  of  the  positive 
charcoal  stick,  and  that  although  both  sticks  were  rapidly 
consumed  the  positive  burned  away  about  twice  as  fast 
as  the  negative.  The  next  step  was  to  design  mechanisms 
that  would  take  care  of  this  difference  in  wear  in  the  two 
sticks,  and  also  to  bring  the  two  sticks  together  to  start 
the  arc  and  then  keep  them  separated  a  proper  distance. 

The  first  partly  successful  automatic  arc  lamp  was 
made  by  Archereau,  a  Frenchman,  in  1848.  In  his  lamp 
he  placed  the  carbons  one  above  the  other;  the  upper  or 
negative  carbon  (1)  being  fixed,  and  the  lower  or  positive 
carbon  (2)  mounted  on  a  piece  of  iron  (3)  so  arranged 
that  the  iron  could  be  drawn  downward  inside  a  coil  of 
wire  (5).  The  weight  of  the  lower  positive  carbon  was 
balanced  by  a  weight  (4)  so  that  when  no  current  was 
flowing  the  two  carbons  would  touch.  When  the  current 
was  turned  on  it  flowed  through  the  two  carbons  and 
also  through  the  coil  of  wire  (5) .  This  was  then  magnetized 
and  drew  down  the  iron  (3)  and  with  it  the  lower  carbon  (2) . 
The  separation  of  the  two  carbons  created  the  arc.  When 
the  current  ceased  or  the  arc  broke,  the  magnetic  action 
of  the  coil  (5)  also  stopped  and  the  counterweight  (4)  drew 
the  lower  carbon  back  into  contact  with  the  upper  one. 


346  From  Hlppolyte  Fontaine,  Eclairage  &  V  ElectricUe, 
Paris.  1879 
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BRUSH’S  ARC  LAMP,  1877 

The  first  notable  commercial  success  in  America  with  arc  lighting 
was  with  automatically  controlled  lamps  invented  by  Charles  J.  Brush 
hi  1877.  Brush  was  by  no  means  the  first  man  to  set  up  arc  lamps 
commercially,  but  his  enjoyed  long  popularity.  Brush’s  lamps  were 
not  only  automatically  controlled  but  had  two  pairs  of  carbons  so 
that  the  lamps  could  burn  all  night.  Each  set  of  carbons  burned  for 
about  eight  hours.  When  the  first  pair  was  consumed  a  simple 
automatic  switch  diverted  the  current  to  the  other  pair. 


347  From  the  original  patent  office  model  in 
the  United  States  National  Museum 


ENCLOSED  ARC  LAMP,  1893 
Beginning  in  1880  several  arc  light  systems  were  developed  into 
commercial  successes;  but  no  radical  improvement  in  the  lamp 
itself  was  made  until  1893.  Before  that  year  all  the  arc  lamps 
were  arranged  to  bum  their  carbons  in  the  open  air.  This  meant 
that  the  carbons  were  rapidly  consumed,  lasting  at  the  most 
only  sixteen  hours.  Men  were  employed  to  visit  every  arc  lamp 
daily  to  change  the  carbons;  this  was  an  expense  and  a  nuisance. 

In  1893  an  American,  Louis  B.  Marks,  found  that  he  could 
prolong  the  life  of  the  carbons  from  ten  to  twelve  times  if  he  put 
a  light  globe  about  the  arc.  The  globe  shut  off  the  air  and  by 
reducing  the  amount  of  oxygen  in  contact  with  the  hot  carbons 
caused  them  to  bum  more  slowly.  Although  the  enclosure 
slightly  reduced  the  amount  of  light  it  was  more  than  warranted 
by  the  saving  in  lamp  tenders. 

The  arc  light  brought  a  revolution  to  city  streets.  The  feeble 
gas  light  disappeared  from  the  busy  central  thoroughfares  and 
the  flaring,  sputtering  arc  was  suspended  in  its  stead.  New  York 
theater  crowds  hurrying  to  and  from  the  metropolitan  playhouses 
in  the  latter  decades  of  the  nineteenth  century  watched  the 
advent  of  the  new  era  of  light  and  commented  on  this  triumph  of 
human  inventive  skill.  The  day  of  the  arc  light  has  not  passed. 

But  many  persons  who,  in  the  ’eighties  and  nineties,  watched  with 
astonishment  and  admiration  the  coming  of  electric  lighting  have 

lived  to  see  the  flickering  arc  light  give  place  to  the  brilliant  _ 

illumination  of  the  modern  “White  Way.”  349  Courtesy  of  the  General  Electric  Company 


348  A  New  York  Street  Lighted  by  Brush  Lamps,  from  Alglave  and  Boulard, 
The  Electric  Light.  New  York.  1884 
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IMPROVEMENTS  IN  ARC  LAMPS 
The  arc  light  was  further  improved  in  1898  by  mixing  various  salts 
with  the  carbons  when  the  pencils  were  manufactured.  When  burned 
these  salts  produced  a  flame  which  greatly  increased  luminosity.  The 
first  flaming  arcs  were  open  to  the  air  in  order  to  get  rid  of  the  smoke 
of  the  burning  salts;  but  in  1908  a  chamber  was  added  to  the  lamp 
in  which  the  smoke  could  be  condensed.  This  permitted  enclosing  the 
carbons  with  the  same  savings  previously  obtained  by  this  method. 
So  the  arc  lamp  was  perfected  to  make  possible  its  use  under  all 
kinds  of  conditions. 


COOPER-HEWITT  MERCURY  VAPOR  ARC  LAMP,  1901 
Although  electrical  experimenters  had  known  since  1860  that  if 
an  electric  circuit  was  opened  between  mercury  contacts  a  peculiar 
bright  greenish  arc  was  produced,  no  commercial  use  was  made  of  the 
knowledge  until  1901  when  Dr.  Peter  Cooper  Hewitt  placed  his  mer¬ 
cury  vapor  arc  lamp  on  the  market.  Hewitt  after  many  experiments 
eventually  produced  an  arc  in  vacuum  in  a  one-inch  glass  tube  about 
fifty  inches  long.  The  tube  was  hung  so  that  its  length  was  but  slightly 
tilted  off  the  horizontal.  A  lower  end  contained  a  slight  quantity  of 
mercury  which,  when  the  tube  was  tilted,  made  a  thin  mercury  bridge 
across  the  electric  terminals  at  each  end  of  the  tube.  The  current 
turned  this  mercury  into  gas  and  in  doing  so  formed  an  arc.  The  com¬ 
mercial  lamp  was  provided  with  mechanisms  which  tilted  the  tube 
automatically  to  start  the  arc.  The  lamp  has  proved  valuable  because 
it  has  no  red  rays  and  is  therefore  useful  for  photography,  printing  offices, 
freight  houses  and  other  places  where  a  light  of  high  actinic  value  is 
desired.  The  light  also  is  highly  diffused  and  so  avoids  glare  and  dissipates  shadows 


350  Enclosed  Flame  Arc  Lamp,  1908,  courtesy 
of  the  General  Electric  Company 


THE  MOORE  TUBE  LIGHT 

Another  tube  light  is  that  known  as  the  Moore  tube.  D.  McFarlan  Moore,  an  American,  began  to  experiment 
with  vacuum  tubes  in  1891  but  it  was  not  until  1904  that  he  constructed  a  lamp  with  commercial  possibilities. 
The  first  commercial  Moore  tube  light  was  set  up  in  a  hardware  store  in  Newark,  New  Jersey.  It  consisted 

of  a  glass  tube  If  inches  in  diameter  and  180  feet  long. 
As  may  be  seen  from  the  illustration,  the  tube  was  made 
to  conform  to  the  long  narrow  shape  of  the  store  it  served. 
The  tube  contained  a  slight  amount  of  air  under  a  tiny 
amount  of  pressure.  When  an  electric  current  was  passed 
through  the  tube  it  glowed  with  a  faintly  pink  color. 

A  more  pleasing  and  efficient  light  was  obtained  when 
the  tube  contained  nitrogen  gas.  This  gave  a  yellow 
light.  Carbon  dioxide  gas  rendered  a  pure  white  light. 
The  latter  light  was  a  close  approximation  of  daylight 
and  was  highly  useful  where  color  matching  was  required. 
Indeed  this  is  practically  the  only  use  now  made  of  the 
Moore  tube,  for  the  incandescent  light  has  surpassed  it 
for  nearly  every  other  purpose. 

352  First  installation  of  the  Moore  tube  light  in  a  store  in 
Newark,  N.  J.,  courtesy  of  D.  McFarlan  Moore 
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353  From  Franklin  L.  Pope,  Evolution  of  the  Electric  Incandescent  Lamp,  Elizabeth,  N.J.,  1889 


GROVE’S  INCANDESCENT  LAMP,  1840 
One  of  the  first  experiments  with  incandescent  light  was  made  by  Sir  William 
Robert  Grove,  an  English  judge  and  scientist,  in  1840.  He  attached  the  ends  of  a 
coil  of  platinum  wire  to  copper  wires,  the  lower  sections  of  which  were  varnished 
for  insulation.  The  platinum  wire  was  covered  with  a  drinking  glass  turned  down 
in  a  dish  partly  filled  with  water.  The  purpose  of  this  arrangement  was  to  protect 
the  glowing  platinum  from  cooling  currents  of  air.  Although  Grove  lighted  lecture 
halls  with  his  device,  it  gave  only  a  feeble  light.  Since  the  source  of  the  current  was 
a  battery  or  batteries  the  cost,  approximately  several  hundred  dollars  an  hour, 
was  prohibitive  for  commercial  installation.  It  was  one  of  the  earliest  steps  in 
producing  the  lighting  device  that  has  become  commonplace  in  modern  times. 

STARR’S  INCANDESCENT  LAMP,  1845 
J.  A.  Starr,  of  Cincinnati,  is  credited  with  introducing  the  idea  of  electrically 
heating  a  metallic  substance  in  a  vacuum  in  order  to  produce  an  incandescent  light. 
He  borrowed  from  the  barometer  a  long  glass  tube  enlarged  at  its  upper  closed  end, 
filled  it  with  mercury  and  inserted  the  open  end  in  a  dish  of  mercury.  The  mercury 
of  the  tube,  as  in  a  barometer,  sank  within  the  tube  until  the  weight  of  the  column 
of  mercury  was  counterbalanced  by  the  pressure  of  the  atmosphere  upon  the  mer¬ 
cury  in  the  dish.  The  sinking  of  the  mercury  in  the  tube  left  a  vacuum  at  the  en¬ 
larged  upper  closed  end  of  the  tube.  In  this  space  was  a  rod  of  carbon  clamped  with 
iron  at  the  top  to  a  heavy  platinum  wire  which  was  in  turn  sealed  into  the  upper 
end  of  the  glass  tube.  The  lower  end  of  the  carbon  rod  was  held  by  another  iron 
clamp  attached  to  a  nonconducting  porcelain  rod.  This  rod  was  kept  in  place  by 
another  iron  clamp  to  which  was  attached  a  long  copper  wire  extending  down  the 
tube  into  the  mercury.  Electric  current  passed  into  the  upper  enlarged  portion 
of  the  tube  through  the  platinum  wire,  thence  through  the  carbon,  then  the  copper 
wire,  and  out  by  way  of  the  mercury,  the  liquid  serving  as  an  electric  pole. 

These  lamps  were  exhibited  in  London,  but  failed  commercially  because  they 
blackened  rapidly.  Scientifically,  however,  the  light  paved  the  way  for  better  ones 
operated  upon  similar  principles.  The  inventor  Starr  died  on  board  ship,  at  the 
as?e  of  twenty-five  years,  when  he  was  returning  home  from  demonstrating  his 

354  From  a  diagram,  courtesy  &  J  J  ° 

of  the  Edison  Lamp  Works,  |„mno  in  T.ondon 
Harrison,  N.J.  lamps  m  nuimu.i. 
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355  Courtesy  ol  the  Edison  Lamp  Works 


357  From  the  original  In  the  United  States 
National  Museum 


SAWYER’S  INCANDESCENT  LAMP,  1878 
Following  Starr’s  lamp  considerable  work  was  done  by  Europeans 
to  improve  the  incandescent  lamp,  but  it  was  ignored  in  America  until 
the  late  ’seventies  and  early  ’eighties,  when  four  American  inventors 
turned  to  the  incandescent  lamp  and  brought  it  into  the  realm  of 
practical  everyday  things.  These  men  Were  William  E.  Sawyer, 
Moses  G.  Farmer,  Hiram  S.  Maxim  and  Thomas  A.  Edison. 

In  1878,  Sawyer  made  a  lamp  that  followed  closely  upon  European 
models.  It  consisted  of  a  thick  carbon  burner  operating  in  nitrogen 
gas.  It  had  a  long  glass  tube  closed  at  one  end  and  cemented  on  the 
other  end  to  a  brass  base  through  which  the  gas  was  admitted.  Heavy 
wires  within  the  tube  connected  with  the  base  in  order  to  carry  away 
the  heat  of  the  burner  which  was  attached  to  the  upper  end  of  the 
wire.  The  burner  could  be  renewed  when  burned  out. 


356  From  the  original  patent  office  model,  1878,  In  the  United  States 

National  Museum 


MAXIM’S  INCANDESCENT  LAMP,  1878 
Maxim’s  incandescent  lamp  (No.  356)  comprised  a  glass  bulb,  which 
was  filled,  however,  with  rarefied  hydrocarbon  vapor  instead  of 
nitrogen  gas.  His  burner,  like  Sawyer’s,  was  made  of  carbon.  Maxim 
made  another  incandescent  lamp  that  dispensed  with  the  glass  bulb 
and  its  gas  filler,  and  simply  consisted  of  a  sheet  of  platinum  operating 
in  air.  Farmer,  too,  as  early  as  1859,  had  made  an  incandescent  lamp 
like  this. 


FARMER’S  INCANDESCENT  LAMP,  1878 
Moses  G.  Farmer’s  incandescent  lamp  (No.  357)  was  somewhat  like 
Sawyer’s  in  that  he  used  a  nitrogen  gas  filled  bulb.  The  rest  of  the 
lamp,  however,  was  different.  His  burner  was  a  graphite  rod.  This 
was  suspended  between  two  heavy  copper  rods  set  in  a  rubber  plug 
at  the  base  of  the  bulb. 
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358  From  a  photograph  hy  John  E.  Garabrant 


359  Edison  in  1878,  from  a  photograph 
in  possession  of  the  publishers 


THOMAS  ALVA  EDISON, 

1847- 

Although  the  work  of  Sawyer, 

Farmer,  and  Maxim  shows  how 
wide  was  the  interest  in  in¬ 
candescent  lighting,  the  com¬ 
mercially  successful  electric 
light  owes  its  existence  to  the 
experiments  of  Thomas  A. 

Edison.  As  a  boy  Edison  had 
rescued  a  child,  daughter  of  a 
station  master,  from  death 
under  the  train  wheels  and  in 
gratitude  the  father  taught  him 
telegraphy.  Edison  then  set 
up  a  private  telegraph  line  of 
his  own  but  was  soon  bought 
out  by  the  Western  Union 
Telegraph  Company,  which  employed  him  as  operator  at  Stratford,  Canada,  on  the  Grand  Trunk  Railway; 
but  he  did  not  hold  this  job  and  for  several  years  was  virtually  a  tramp  telegrapher. 

His  wanderings  finally  took  Edison,  in  1871,  to  New  York.  He  was  then  24  and  was  on  the  ground 
when  an  accident  stopped  the  service  of  the  Gold  and  Stock  Company  —  a  “ticker”  service  in  the 
financial  district.  Edison  volunteered  to  straighten  out  the  difficulty,  and  succeeding  in  this,  he  was  at  once 
given  a  permanent  position.  Putting  his  ideas  to  work  for  the  company,  he  rose  rapidly  in  rank.  When  he 
succeeded  in  perfecting  a  long  held  idea  of  duplex  and  later,  quadruplex,  telegraphy,  his  troubles  were  over. 
The  Gold  and  Stock  Company,  together  with  the  Western  Union  Company,  turned  him  loose  to  invent,  paying 
him  a  salary,  bearing  his  expenses  and  underwriting  his  inventions  when  made. 

From  that  day  to  this  ideas,  experiments  and  inventions  have  continued  to  flow  from  Edison’s  laboratory, 
first  at  Menlo  Park,  New  Jersey,  later  the  larger  establishment  at  West  Orange,  New  Jersey.  At  the  outset 
of  this  phase  of  his  career,  Edison  attempted  to  manufacture  the  devices  he  invented;  but  he  soon  learned 
that  he  could  not  be  both  an  inventor  and  a  manufacturer.  So  his  ideas  were  all  turned  over  to  the  Edison 
General  Electric  Company  for  commercial  exploitation. 

EDISON’S  CARBON  LAMP,  OCTOBER  21,  1879 
By  the  time  Edison  began  to  experiment  with  the  incandescent  light,  he 
was  well  known  as  the  inventor  of  the  phonograph  and  the  improver  of 
many  electrical  devices  connected  with  telegraphy  and  telephony.  He  had 
a  well  equipped  laboratory  at  Menlo  Park,  and  about  100  assistants  of 
different  grades. 

Following  in  the  path  of  Sawyer,  Farmer  and  Maxim,  Edison  produced 
lamps  somewhat  like  theirs  but  with  superior  features  which  he  patented. 

Realizing  that  the  value  of  a  lamp,  however  good,  was  limited  for  domestic 
use  because  electric  current  as  then  distributed  did  not  permit  the  turning 
on  and  off  of  individual  lamps,  Edison  attacked  the  fundamental  problems 
of  the  generation  and  distribution  of  electric  current.  These  he  solved  by 
producing  a  new  kind  of  dynamo,  together  with  a  new  way  of  distributing 
electric  energy  which  permitted  lamps  to  be  operated  independently. 

With  the  first  step  taken,  Edison  was  ready  to  experiment  with  a  new  kind 
of  incandescent  lamp.  After  many  trials  he  finally  hit  upon  a  lamp  that 
consisted  of  an  all-glass  globe  in  which  was  a  high  vacuum.  In  this 
globe  he  fixed  a  slender  piece  of  highly  resistant  carbon,  which  he  obtained 
by  carbonizing  a  piece  of  sewing  thread.  Platinum  wires  were  fused 
in  the  glass  globe,  connecting  the  ends  of  the  carbonized  thread  with 
an  electric  circuit  outside  the  globe.  Platinum  was  chosen  because  it  has  the  same  expansion  as  glass  and  there¬ 
fore  rendered  the  glass  globe  air-tight.  Current  was  turned  into  the  lamp  on  October  21, 1879.  It  was  a  success. 


360 


From  a  replica  in  the  United 
States  National  Museum 
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AEW  Y0RK  HERALD,  SUNDAY,  DECEMBER  21,  1379.- -Q0ADRTJPEE  SHEET 


LI. 


Ilie  tircat  Inventor's  Triumph  in 
Electm  Illuminaiion. 


»uci.  cir.niDR  making  »  new  passage  for  the  electric 
<jurro*t  aud  cutting  it  on  from  ibo  Jacrtidoecent 
pivtluura.  W lieu  lit*  Utter  cantnocted,  a*  did  the 
fuoni»ui  tud  !k«  wo*  irwaouml,  tb #  !«vcr  returned  to 
1  tii. normal  pof  ttiou  and  xlloweJ  tho  electric  current 
t'.  »gW»  past  through  lUo  platinum.  By  IbU  device 
the  Inventor  hopod  to  bo  able  to  Steep  tlie  incectlen- 
rout  piAtlDilm  s)way*  belt,*  It*  melting  point.  Tho  I  many  altcn 
contrivance  la  described  m  Li*  first  patent  at  fol-  ! 


"^ELEMENT. 


A  SCRAP  OF  PAPER. 


It  Mains  a  Light,  Without  Gas  or 
name.  Cheaper  Than  Oil. 


TRANSFORMED  IN  THE  FURNACE. 


Complete  Details  of  the  Perfected 
Carbon  Lamp, 


FIFTEEN  MONTHS  OF  TOIL. 


Star?  oi  Hi;  links  Yemenis  wi;h  Lmps, 
Burners  aril  Qwotos. 

SUCCESS  IX  A  COTTON  THREAD. 


Tbo  Wizaid'3  Byplay,  with  Bodily  Pain 
and  Gold  "Tailings." 


iioated  by  tb<j  pM-ugcof  the  electric  currant  throucU  ;  Mental*  and  •Objected  to  iu.  ......an.  m.,™.,  ■_  ,  . 

.t.KtSath,„  puvcefc.rco,,  u, utrr.ee, veutbe  ..,,,4.  j  -&.W  a  c*C2£  , 

thrown  t.e  t,y  tbo  reflector,  C.  which  heat  my*  bring  ;  uu-ral  and  the  oxide.  (:iv|Ug  a*  !ori3sr  reiusrkabl.:  ,  -iutiTinniriL-  th,.  i-  L  ... 

Upth«  ZtrCt-li.  h.  n»  YiTl.l  Inont...,.,,.  ni.llp.ill  vi.l  ......  ‘  ...i.OrCJ 


Upthczirce 
out  a  tight  tunc 
platinum  tplral, 


J  the  apparatus  u 


iTld  Ittcandc-riucc,  nuking  It  give 
moro  brilliant  sliau  the  light  or  tin, 
.'  With  tbi«  form  Mr.  Ihliton  trim, 
airou,  and  trout  time  to  Unto  made 
anil  iuiprovouinnla.  but  ovcutujlly 
i  placed' l a  th*  category  of  uon-sno- 


propertles;  With  a  tj.irnl  hating 
9-Id  of  au  inch  light  equal  to  tba 
may  he  obuluod.  wl 
lot  coated  by  toy  proves*.  wot 
fl  a  light  of  fr.ur  caudles, 
oxide  of  magnesia  l»  to 


atiug  surface  « squire  :i:;y 
riven  by  forty  in  fumble  M 
•WU  the  Ulna  tbn  moat 
I  -melt  before  1  abetted  the 


1  "f  the-  fir  mu 


i»bgd  at 


r;ii:  rtrtrr  Liortt. 

trie  tight*  have  beer,  produced  by  a  coil  or 
pletiuum  or  olfanr  tool*!  (bat  require,  a  high  !  f.,vlnS  aubatUK 
temperature  to  melt,  tho oloctrte  r.urmni 


I  auch  light*  Ihoro 


tWatrtue  Ibcaudcaetsi 
danger  of  tbo  metal 
xuiwlci  for  rognlalltiK  the  electric  current  automat- 
ally  putir.c  Itaroutth  such  lucaudnaecot  conductor, 
temporatura  rising  to  the  melting 


tflua  J  paa/ago  of  the  electric  current — a  OOteexily  It 


and  preventing  II 
point,  thu*  producing  « 


HISTORY  OF  ELECTRIC  UGIITIXU. 


The  near  approuch  of  the  Ilrat  public  exhibition  of 
Sdtsi-uTt  long  looked  fur  eluetric  light,  announced  to 
taka  phtco  on  JfeW  Vuxr'n  Eve  ot  Menlo  Park,  on 
which  otcaaloo  that  place  will  bulllttiulnatcd  with 
the  new  light,  bo*  revived  public  lotoruot  lu  tbo 
great  inventor'll  work,  and  throughout  tUu  civilized 
World  aciautaata  and '  peupto  guDcraUy  ore  augiously 
awaitioy  the  revolt.  Vtom  list)  beginning  of  hisex- 
porifueou  in  olcetrlo  lighting  to  the  present  time 

Mr.  Edison  h.s  k-.pt  hio  laboratory  yuxnlodly  j  com- taut  expauejon  of 


••Vltf.  1  vlK.wa  o uo  form  of  tfaa  device;  The  Incan* 
descent  rnctid  la  ju  the  form  of  a  double  spiral  A, 
the  two  cuds  teriuinutinp  upon  the  poatv  l».  c,  to 
which  tUecwnductor*  d.  E.  ai-o  connected.  A  circuit 
Cloalng  lover,  f.  in  introduced  in  the  electric  circuit, 
the  point?  of  contact  bring  at  I.  and  there  iu  a  jilo- 
tlua.  or  Himilar  wire,  a.  ooun'ectc-d  wilh  the  lever,  r, 
to  tho  Uradptcco  or  other  aupiMirt,  J.  Thu  current 
from  a  magneto  machine  la  coutiucted  with  the  wires 
E  end  d.  The  current  then  flown  front  E  to  t he  poaf, 
c,  thouce  around  thu  platinum  fcplial  to  h.  sud  la 
carried  off  by  the  wire,  d.  Now.  when  the  rod.  k,  of 
platinum  become*  heated  lo  loo  groat  lotonaity  lta 
expanaion  cloaca' two  lever,  f.  Olid  tho  our 
paaaca  trem  E,  Uirough  r,  and  not  through  .the  spiral  j 
at  oil.  In  this  way  the  lever  cum  off  tho  current  j 
every  time  tho  heat  heeomca  too  loumae," 

Numerous  other  device*  ot  a  aitulUr  character  j  gig,., 
were  tried  and  for  a  while  they  all  worked  aatlafae*  j  treme 
lorily.  but  tho  inventor  Dually  dincorcred  that  the 
■latluuni  rod  k  aud  Ita 


euh.ltvlalon  of  the  Halit — the  Inventor  t 


It  waa  alio  noticed  that  the  Siam 
rvmarkahlo  degree  of  h»rj0e»* 
high  luuandoacenca.  I  have  found  :  fragile  eliaract.r  baiore  it  waa  i, 
uro  Iron  and  nickel  drawn  In  wire*  i  tlou  of  ihc  curreot.  Night  and  * 
hearty  meal  i 


:  w,rT'  lo  4  surprlaiug  extent  ami  render  it  «. 

worn. LZUSSmm «  a. i,«b,  j  SSTwJ; T“  *•“  “ 

offorlDR  much  rulatanco  to  tho  ,  that  chemically  ,, 

ubjtclod  to  tho  vacuum  prooaaa  may  bo  mado 

::sr \  i = - 

ixr=L‘=sr ;  ■ i==  i  s=^-= 

•tar.eebnn  ■«! 

Ahout  this  Uuic another  truth  dawned  it|yn  tho 
Inventor— namely,  that  economy  in  tho  production 


kept 


nixing  pic 


,  Ilia  < 


B<-ed  rasulta. 


mctu  t. 


largo  ends,  V,  n. 
tho  machine  for 
-o  wa«  tried  for 
liolo,  give  satis- 


u  ha  had 


er.uneeting  with  the  wires  loading  t, 
generating  the  ctirreut.  Thla  davko  wi 
scvvril  weeks,  but  did  not,  as  a  wlioio, 
faction. 

►TVEBr  MAX  UU  OWN  XbCCTlIIC  tJO! 

Branching  oil  from  the  line  of  luvcatlg, 
bcou  provlon.ly  fpllowtug  Mr.Ehtlaou  at  tl 
begau  exporlmen  ting  with  a  view  to  having  tl 
produced  locally— i.  arranging  for  each 
holder  to  become  hi*  own  manufacturer  of  light, 
thus  dispensing  with  mains  and  central  atulioua. 
The  apparatus  which  be  used  for  tills  purpose  Is 
ahovru  lu  Qguro  5:—  , 

yiot-iut  6. 


ot  light  from  incandcsc, 
candoaerm  atihitanco  i 
i  alliance  to  the  passage  ( 
ceruing  this  lUoloveuto, 
rovprte  tho  present  prae 

ouo  nr  [wo  ohma  leleetrlcal  unit*)  _ _ _ 

construct  lamps  which,  when  glvlmr  their  proper  . 

Icoat  two  hundred  ohms 


>  demanded 
mid  ollor  a  vory  groat  re-  i 
the  ola-trlc  current.  Con-  J 
into*,— “U  la  essential  to  ! 
o  of  having  lamp*  of  but 


of  thread  he  wvllt  t 
■spur  and  many  other  sul 
'or  that  purpose.  The  rc 
I  Of  Ilia  experiments  ahewod  that  tho  aubalar.t 
adapted  tor  carbonlmtioc  and  the  giving  out  i, 
adescent  light,  was  paper  preferahlr  thick  in 
txxard,  but  giving  good  result*  even  when  ter, 


Tho  beautiful  char 
SDd  the  aU  ulmtas,  reliability  anil  nou-ftisibi;. 
tlio carbon  fllaiuont  were  aot  theouly  elements 
that  brought  Joy  l 


l.  shall  barb 


o  light 


It  is  an  iuduotion  coll  inch  aa  aro  uaad  by  pari - 
patctic  showmen  at  fair*  and  other  places  when  they 
givu  electric  shock*  lo  iu,|ulring  aightev-cra  at  so 
much  per  shock,  it  Is  Operated  by  two  cell*  of  bat- 
tcry,  U,  and  wires  lead  from  it  to  the  gloss  tubing,  T, 
,  from  which  tho  air  h»«  previously  been  extracted, 
1  *-  ’  "  passago  of  tbo  electric  current  through  t 
ing  give*  out  a  tight.  This  plan  Is  analogous 


«)o*cd,  and  no  author! lofty, 
published  Lo  tho  ilmiAbO  tonio  mouth*  ago  relating  j 
to  hi*  flr*t  polontj  of  any  of  tho  Important  steps  of  !  . 

his  progrva*  ban  h—  n  mode  public — a  course  of  pro-  wl 
gcdiire  tho  Inventor  found  absolutely  mvesiary  for  |  ®v 
hla  own  protection.  Tho  HuiAtt,  w  now.  howovor, 
•nahlcd  to  prewent  to  ita  reader*  a  full  aud  aeuurate 
account  uf  hi*  work  from  it*  inception  to  us  cem- 


hant  it  so  thot  tt  hocarno 
referu.  abandoned. 

TUK  8XCOSD  VtAllSCM  LAMP, 
next  regulator  w»9  lu  the  form  of  »  diaphragm, 
cut  oil  the  electric  current  from  tbo  platinum 
time  the  diaphragm  was  pio**od  outward  bo- 
youd  a  ila-.il  limit  by  tho  heated  air.  Tho  regulation 
thuaproducod  waa  no  rapid  that  Iho  ujo  could  not 
perceive  any  diminution  In  the  strength  of  tbo  cur- 
Inadequate  In  many 


plosion. 

A  MolITtO  I-APWk. 

Edlaou’a  electric  light.  Incrcdiblo  a*  it  may  appear. 
U  produced  from  a  Uula  piece  of  paper— %  tiny  atrip 
9t  paper  that  a  breath  would  blow  away.  Through 
this  Hula  strip  of  paper  Is  pes-ed  an  cloeirio  cur¬ 
rent,  and  tho  result  la  a  bright,  beautiful  light.  Ilka 
ibe  mellow  auuMt  of  an  Italian  autumn, 

'■Ba»  paper  instantly  burn*,  even  nndertho  trilling 
heat  of  •  taltow  eandle!"  exclaim*  the  sceptic,  '-and 
Shew,  than,  can  ,lt  withstand  the  fierce  huu  of  an 
Mcv  trte  owrront  f  Yorr  true,  but  Ed  .son  makes  the 
StUepittroot  papot  morn  lo<o>ib!»  than  platinum 
mor«  dnrahta  than  granite.  And  tht*  in¬ 
volve*  no  complicated  proeo*.  Tho  paper  1* 
Sternly  b*kml  111  an  even  uotil  aU  it* 
taJoznenW  tare  pa***]  »«»y  erc.pt  Jt»  carbon 
tpamotrors.  Tho  latter  U  then  plara.1  in  a 
(Hum  gleho  connected  wvt(i  the  wire*  loading  to  tl,o 

.  •Uctrlctty  producing  woehtnc,  and  tuc  air  „aiuimcd 
frou»  tho  glebe.  Tlu-o  t)w  sjiparattoi  i*  ready  tu  glvo 
ktuf  a  light  that  produce*  uu  dviuu-rlou*  gaaev.  no 
•met*,  no  ofltvnl  V-  ,-iof ► — a  light  without  fiaxue, 
Vttheut  danger.  SwinlrlOg  no  maicbes  u>  iguita, 
giving  out  but  Utite  hvat,  vitiating  uo  air.  and  free 
from  ait  dick. ring,  a  light  that  is  a  little  gb.uc  of 
gnnatilne.  s  ver.labtu  Aladdin'*  Ump.  And  tin* 
Jight.  lbs  inventor  claim*,  can  t-o  produced  cheaper 
than  that  from  the  cheapest  ot).  W.-ro  it  not 
for  the  phonograph.  the  quadruplet  tel*, 
grwpn,  the  tcleplteuo  and  the  vxrion*  other 
rein  ark  oh>«  pfo.lmi.uo*  of  th-  gtv*t  luvctilur 
the  world  might  well  hcsttalc  u>  accept  hi*  aasuranco  I 


respects.  The  next  important  modification 
tho  light  was  the  substitution  for  the  platinum 
•spiral  ot  bnoly  divided  platinum  Incorporated  with 
hOfj -conducting  material.  When  tho  olcctric  curreut 
wo*  passod  through  tho  combination  the  platinum 
particles  become  incandvsa-unt  and  tho  uou-couduct- 
lug  m&torlal  iuoorpo rated  with  them  bocanio  lu¬ 
minous  aud  increased  tho  brilliancy.  One  ad¬ 
vantage  by  this  form  not  previously  attained  was 
that  a  Very  weak  electric  eurront  produced  a  good 
light. 

After  this  follow.il  a  devlco  for  obtaining  moro 
light-giving  surface,  thu  platinum  being 
tlio  forth  ot  a  email  bobbin,  first  having  b 
with  a  noo-runductinp  coating  tba!  wan  not  tujtirod 
by  the  heat.  With  tht*  arrangement  a  new  form  of 


regulator  w 


Tho  lamp  at  this,  atago  la  shown 


being  In  the  form  of  tbo  tubo  arid  tho  ex- 
alluoaa  of  the  bore  and  also  in  the  degree 
of  vacuum  produced.  Mr.  Edtaou  succeeded  by 
tht*  arraugemeut  lu  obtaining  a  light  of  several 
candlo  powor  with  a  moderately  powerful  induction 
coil.  The  light,  bowovur,  was  not  thu  one  sought 
after  no  porautoutly  by  thu  invoutor.  and  so  it  took 
it*  iilaco  in  that  part  of  hi*  laboratory  occupied  by 
InvontloD*  not  in  use. 

*  osmcM-fniouiM. 

Once  moro  Mr.  K-Jlsou  made  a  departure.  Ho 
moulded  powdered  metallic  oxide*  In  tho  form  of 
sliokaand  subiected  Uu-m  to  a  vory  high  tempera¬ 
ture.  Id  this  connection  be  obtained  very  Him  n- 
aults  trom  tho  native  alloy  of  o*oium-tridtum  called 
lridoomlce,  which  alloy  he  used  In  tno  form  of  a 
powder  cueloood  lu  a  tube  of  zuoou.  Tbo  uluct.-ie 
current  paasiug  through  tho  same  brought  it  to  a 
beautiful  lucaudesecuce. 

CAiinoN  AND  Pt.aTIxt’M. 

Tbe  Inventor's  next  important  movo  was  the  adop¬ 
tion  of  carbon  lu  conuoatlou  with  platinum  as  the 
subntauQoa  to  bo  modo  iucandcseont.  Ho  caused  a 
slender  tod  Of  carbon  lo  rest  upon  another  of  pUll- 
nara.  tlio  Inferiority  of  contaot  between  the  two  at 
thole  point  ot  mooting  producing  a  resistance  to  the 
pannage  uf  tho  electric  current  and  causing  tile  cor-  I 
bon  to  become  highly  Incaiiduaccut,  while  (ha  ptati-  | 
uum  atUlu.il  only  •  dull  red  host.  The  carbou  rod  j 
was  ko;it  pressing  upon  tho  platinum  by  s  weight  i 
ingeniously  arranged.  A  dusou  or  more  form*  of 
(hi*  Ump  wetu  ma-.to.  hut,  attor.atl.  tho  invnut.ir  wo* 
obliged  lo  return  to  platinum  as  ibo  aubnancc  nu, 
saitoblo.  alt  things  considered,  for  beiug  made  (i 
muidvscaul.  For  tvu  mouth*  Uo  worked  at  pUtinin 
day  aud  ulght.  only  to  flu  '  ' 
bc-uii  using  It,  waa  entire! 
rut  lighting.  To  msuy 
»vo  proved  a  dlvcouragci 
ul  Ibo  effect  only  of  . 
mlustiun. 


heart  of  lkl.se U,  T  Im 

clviilvutof  a  proper  a 
panagu  of  the  electric 
The  luveuturi*  rrfur 
been  by  far  the  most  U 


,r  elctne 
A  being  iiiddfi 


though  all  the  other  noruAsary  propertitta  were  pro* 
«nt  tu  tno  fullest  degree. 

I'aaiiug  over  the  •cures  nf  experiment*  made  sin.-u 
the  dl«rovrry  that  the  carbou  iramewcrk  ot  »litt;.- 
ploco  or  paper  ur  thread  wo*  the  best  *uu*ra-.cr  |-..- 
klbla  for  ineandMCttut  Ughtiug,  we  couie  to  c.m-t.l.  r 
thy  way  to  which  lie,  Hina  u  prutured  at  Ibo  pro»- 

cht  tlinoln  the  laboratory. 

with  a  suitable  p'-nf  h  there  1*  cut  from  a  piece  of 
"Bristol"  cardboard*  a  strip  of  the  a.uuo  iu  the  form 
of  a  miniature  bor.i'Shon.  about  twoiuvhe*  InTcugtb 
and  oue-vighth  ot  au  inch  in  width.  A  number  o: 
them,  strips  sro  laid  rtstwiso  In  a  wrought  iron 
mould  about  th*  aim  of  the  hand  aud  «cp*r*ti-:t  tr.iui 
each  Other  by  tu*oe  paper.  The  mould  l*  l  lieu  covercl 
•lid  placed  tu  au  oven,  whera  It  is  gradually  ralwil 
to  s  teu>|vraiuroof  about  six  ban Jrud  Oegr.ia  Fall 
rvabeit,  Thi*  allow*  the  volatile  portion*  oi  Iho 
paper  to  |*u*  away.  The  mould  1*  thou  placed  tu  » 
furusea  anil  haste-1  aloio-t  t„  a  white  i.o»i.  and  inuu 
removed  and  allowed  to  co,o(  gradually.  On  open 
lug  the  mould  tho  charred  rcm.iu*  of  tlm  little  hi 


.1  atu  found.  U  must  h«  tat  on  oiip  I 
teal  C*re.  clao  It  will  fall  t-lo.-es.  I 


with  the  great. 

being  removed  from 
o  globe  and  attached  tu  the  wire  lu; 

aiv.Uiue.  Tho  globe  1*  tl 
,lr  pump,  and  the  Utter  U 
set  to  work  extracting  tho  air.  After  tbe 
been  extracted  tlio  globe  U  scaled,  and  the 
ready  for  use.  Figure  '  shows  tho  Ump  compiclu; — 

TUX  rkK»taIXP 


nocte.1  will,  a 


a  la  tho  burner  or  incandoccut  pUlinnua 
shape  of  a  bobbin  pappdrlcd  within  the  vacuum 
tube,  b.  by  a  rod.  b',  of  tho  saino  material  oa  tlm 
bobbin.  ’  The  vacuum  lul».  h.  U  •ustsloed  by  tho 
CMo,  It,  and  around  sold  Wt»,  b,  U  »  gla*«  globe,  i. 
Within  the  case,  k.  U  a  flexible  metallic 
aneroid  chamber.  L,  th»t  opens  Into  tbo  glues  case, 
l.  *o  that  tho  air.  wUuu-oxpoudod  by  boat,  can  paaa 
Into  the  aneroid  chamber  aud  giro  motion  to  tbo 
flcxtblo  diaphragm,  x,  ami  )urt.  conuuctod  tUerw- 
wltli.  When  tho  current  circulatlug  arvuud  tho 
bobbfu,  a.  becomua  too  luVnu  and  heals  th»  lalt.-r 
loo  highly  the  air  within  tho  glow*  .-a*.,,  1.  is  ex¬ 
pand.*]  *ud  bulges  downward  by  tho  diaphragm,  x. 
and  th„  pin  tl, croon  pre-ring  upou  the  spring,  i, 
»lid  separating  raid  spring  from  tlio  block,  C. 
break*  tbe  circuit  to  Uio  burner.  Tho  totuporwturo 
within  (Uo  globe.  1,  lower*  Immediately  and  She 
purls  return  (o  llirlr  normal  posit  ton.  closing  tho 
circuit  through  thu  buruus  lo  a  and  S.  This  open¬ 
ing  and  closing  of  tho  circuit  l*  hut  motuontary. 
and,  thureforu.  the  uniform  briUloncy  ot  the  light  is 
not  affccl.il  and  there  is  uo  danger  ot  tho  burner 
bcimuilng  too  highly  heated. 

The  lamp,  after  llu-»u  latter  ImprovcuicUU,  wav  in  i 


brought  up  platinum  a 


•ulttlaurii  for  illitmtna- 
tarallvu  woriblc*su.i«  to 
lie  had  KUCCttlcd.  by  a 

tun,  of  uvarly  ouo  mill- 


A  t*  a  glass  globe,  from  which  (he  rir  hit  been  ab- 
atracted.  reeling  on  a  >taud.  U.  Y  t«  the  litUe  carbou 
filament  connected  by  flue  platinum  wires,  0(1',  to 
tbe  wire*.  B  K'.  leading  to  tbo  screw  post*.  1>  IV,  and 
thence  to  the  generating  machine.  The  current,  vn- 
trriug  at  l>.  pa«*c*  up  the  wire  K  to  th*  piulutua 

clxtnp.  O  :  thence  through  ibo  carbon  filsmnnl  F  to 
'!'■  down  the  wire  K'  to  the  •prow  port  IV;  thence  to 
the  generating  machine.  It  will  bo  noticed,  by  ivtur- 
eucc  to  tbo  complete  Ump  hr  figure  T,  that  «  ha*  tin 
complex  regulating  apparatus,  such  as  characterised 
the  Inventor's  earlier  labor*.  All  th*  work  ho  did 
lu  regulators  was  practically  wasted,  for  he  ha* 
lately  tcaUrml  that  they  were  not  at  alt  necessary  — 
no  mote  re  than  a  tilth  wheel  i*  to  a  conch, 

xns  DOKKxrtc  atot. 
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From  the  New  York  Herald,  Dec.  21,  1879 


FIRST  ANNOUNCEMENT  OF  EDISON’S  ELECTRIC  LIGHT 
Notwithstanding  the  success  of  Edison’s  carbonized-thread  filament  lamp  of  October  21,  1879,  it  did  not 
satisfy  him  because  it  burned  out  in  forty -five  hours.  Searching  for  a  better  material,  he  found  that  a  filament 
made  of  carbonized  paper  gave  several  hundred  hours’  service.  Since  this  made  the  lamp  a  commercial  possi¬ 
bility  Edison  planned  a  great  demonstration  to  be  held  in  December,  1879.  For  this  purpose  wires  and  lamps 
were  installed  in  several  homes  in  Menlo  Park  and  some  lamps  were  mounted  on  poles  alongside  the  highway. 

The  New  York  Herald  for  Sunday,  December  21, 1879,  published  an  account  of  Edison’s  invention  and  the 
public  demonstration.  The  result  of  this  article  was  a  rush  by  the  public  to  Menlo  Park  so  great  that  the 
Pennsylvania  Railroad  was  forced  to  run  special  trains  to  accommodate  the  curiosity-seekers.  The  demonstra¬ 
tion  was  a  technical  and  a  publicity  success. 
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From  the  Scientific  American ,  Aug.  26,  1882 


THE  FIRST  EDISON  ELECTRIC  LIGHTING  STATION,  NEW  YORK 
Edison’s  first  sale  of  his  lighting  system  with  incandescent  lamps  was  made  to  the  steamship  Columbia,  which 
started  on  May  2,  1880,  on  a  voyage  around  South  America  to  San  Francisco.  Two  years  later  the  Edison 
Company  opened  at  Pearl  Street,  New  York,  its  first  electric  lighting  station.  For  a  time  this  was  one  of  the 
wonders  of  the  metropolis,  attracting  the  attention  of  scientists,  writers,  and  inquisitive  persons  of  all  sorts. 


363  From  an  exhibit  in  the 
United  States  National  Museum 


FINAL  FORM  OF  THE  SCREW  BASE,  1881 
Since  Edison’s  incandescent  lamps  burned  out  eventually  and  had  to  be  re¬ 
placed,  the  first  form  of  lamp  base  proved  inconvenient.  After  a  number  of 
attempts  a  form  was  evolved  in  1881  that  has  remained  the  standard  base. 


TUNGSTEN  LAMP,  1907 
The  later  improvements  of  the  incandescent 
lamps  were  concerned  with  finding  a  better 
filament  than  carbonized  substances.  The 
greatest  advance  in  incandescent  lamps  was 
made  when  tungsten  was  chosen  for  the 
filament.  We  owe  the  tungsten  lamp  to  two 
young  Austrians,  Alexander  Just  and  Franz 
Hanaman.  These  laboratory  assistants  had 
two  struggles,  one  with  poverty,  the  other 
with  the  extreme  hardness  and  brittleness 
of  the  metal  with  which  they  were  working. 
Finding  it  then  impossible  to  draw  tungsten 
into  wire,  they  produced  a  filament  by  in¬ 
genious  manipulations  of  the  metal,  first  as 


a  powder  and  then  as  a  paste,  the  latter  being  forced  into  a  thread  by 
pressing  it  through  a  hole  drilled  through  a  diamond.  This  thread  was  then 
treated  in  various  ways  until  it  could  be  used  as  a  filament.  Although  the 
pressed  tungsten  filament  was  extremely  fragile,  it  was  also  highly  efficient 
and  in  reality  caused  a  small  revolution  in  the  electrical  world.  By  its  use 
railroad  cars  were  lighted  by  electricity  instead  of  by  gas  or  oil,  arc  lights 

were  displaced,  and  all  former  types  of  incandescent  lamps  rendered  obsolete.  364  Courtesy  ol  the  Edison  Lamp  Works 
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DRAWN  TUNGSTEN  WIRE  LAMP,  1911 
The  manufacture  of  tungsten  lamps  was  greatly  simplified  in  1911  when 
Dr.  William  D.  Coolidge,  after  long  and  patient  research,  perfected  a 
process  by  which  the  hard  brittle  metal  could  be  rendered  sufficiently 
ductile  to  be  drawn  into  wire.  The  wire  tungsten  filaments  were  stronger 
and  more  efficient  than  the 
pressed  tungsten  filament.  It 
led  to  the  use  of  electric  lights 
for  automobiles,  headlights 
for  engines,  better  illumina¬ 
tion  for  street  cars,  pocket 
flashlights,  and  in  addition 
strengthened  the  position  of 
incandescent  lighting  in  all 
those  fields  first  invaded  by 
the  pressed  tungsten  filament. 

WILLIAM  D.  COOLIDGE, 

1873- 

William  David  Coolidge  is 
a  representative  of  the  modern 
idea  of  employing  research 
men  in  business.  Born  in 


1873,  he  graduated  from  the  Massachusetts  Institute  of  Tech¬ 
nology  and  won  a  doctor’s  degree  at  Leipzig.  From  “Tech” 
the  General  Electric  Company  called  him  to  a  position  in  its 
Research  Department.  The  work  of  Coolidge  has  assured  for 
him  a  permanent  place  in  the  history  of  electrical  achievement. 


366 


From  a  photograph,  courtesy  of  the 
General  Electric  Company 


367  Courtesy  of  the  Edison  Lamp  Works 


GAS-FILLED  TUNGSTEN  LAMP,  1913 
The  gas-filled  tungsten  lamp  invented  by  Dr.  Irving  Langmuir  in  1913 
completes  to  date  (1926)  the  major  improvements  in  incandescent  lamps. 
By  operating  a  coiled  filament  in  an  inert  gas,  Dr.  Langmuir  was  able  to 
gain  a  marked  increase  in  light  because  the  gas  permitted  the  filament  to 
function  at  a  much  higher  temperature. 

The  various  tungsten  lamps,  by  their  simplicity,  cheapness,  and  efficiency, 
have  doomed  all  other  electric  illu- 
minants  except  the  magnetite  and 
mercury  arc  lamps  used  for  special 
purposes.  For  general  use  the  arc 
light  is  well-nigh  extinct. 

IRVING  LANGMUIR,  1881-, 

INVENTOR  OF  THE  GAS- 
FILLED  TUNGSTEN  LAMP 
In  contrast  wi  th  Edison  and  William 


Stanley  who  represent  a  former  age  of  self-educated  electricians, 
Irving  Langmuir  illustrates  the  new  electrical  scientist  well  trained  in 
schools  and  laboratories.  Langmuir  was  born  in  Brooklyn  in  1881, 
graduated  from  Columbia  School  of  Mines,  and  received  a  doctor’s 
degree  at  Gottingen.  His  career  began  as  an  instructor  in  physics  at 
Stevens  Institute,  where  his  researches  attracted  the  attention  of 
the  General  Electric  Company.  As  a  result  he  was  invited  to  the 
research  staff  of  that  corporation.  Aside  from  gas-filled  lamps  his  great¬ 
est  contribution  has  been  a  device  for  detecting  submarines. 


368  From  a 


_  _  ,  courtesy  of  the  General 
Electric  Company 
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WILLIAM  STANLEY,  1858-1916 
William  Stanley  s  place  in  the  electrical  Hall  of  Fame  is  due  to  his 
invention  of  the  “transformer,”  a  device  that  opened  the  way  for  the 
transmission  of  electrical  energy  over  long  distances  and  made  possible 
the  use  of  electricity  for  light  and  power  many  miles  from  the  source 
of  the  electricity.  The  amount  of  current  that  is  delivered  at  any 
point  is  dependent  first  upon  the  electromotive  force,  or  voltage,  and 
secondly  upon  the  resistance  of  the  conductor  (wire). 

All  the  early  dynamos  and  electric  lighting  systems  were  operated  by 
direct  current;  that  is,  by  a  current  having  a  low  voltage.  This 
limited  the  distance  separating  the  dynamo,  and  the  light  or  motor 
using  the  current  produced  by  the  dynamo.  The  current  having  a  low 
'  oltage,  and  the  wire  a  high  resistance  which  is  increased  by  the 
length  of  the  wire,  it  is  'obvious  that  if  the  dynamo  and  the  light  or 
motor  were  far  apart,  the  current  delivered  at  the  point  of  use  would 
be  much  less  than  the  current  produced  at  the  dynamo.  Yet  lights 
and  motors  must  have  a  low  voltage  current.  Here  then  was  a  di¬ 
lemma;  low  voltage  was  required,  yet  low  voltage  meant  short  distance 
transmission.  Alternating  currents  have  a  high  voltage;  some  have 
been  produced  with  a  voltage  as  high  as  a  million.  High  voltage 
currents,  therefore,  can  be  sent  for  hundreds  of  miles  over  a  wire  without  serious  difficulty  or  loss.  Hence 
for  economic  transmission  high  voltage  currents  are  necessary,  but  for  use  low  voltage  current  is  required. 
Stanley  s  great  contribution  was  a  device  for  changing  high  voltage  currents  to  low  without  serious  loss  in 
the  device  itself  and  without  complicated  mechanism.  Born  in  1858  at  Brooklyn,  New  York,  he  became 
associated  in  1884  with  George  Westinghouse.  In  the  following  year  he  invented  his  transformer. 


369  From  a  photograph  taken  in  1902,  courtesy 
ol  the  General  Electric  Company,  Plttsfleld, 
Mass. 


New  York  Irom  Metropolitan  Tower  at  Night,  courtesy  ol  the  New  York  Edison  Company 


ELECTRIC  LIGHT  IN  MODERN  LIFE 

Electric  lighting,  perfected  by  the  tireless  experiments  of  many  men,  is  among  the  most  striking  features  of 
modern  life.  To  remote  country  villages,  in  which  the  distribution  of  gas  would  be  impracticable,  the  wires 
bring  electric  current.  Although  operating  countless  useful  devices  in  home,  office,  and  factory,  the  great 
gift  of  electricity  is  light.  A  modern  city  ablaze, in  the  night,  its  huge  buildings  fretted  with  golden  fires,  its 
towers  leaping  to  the  glowing  clouds,  and  its  brilliant  avenues  thronged  with  a  restless  humanity,  presents  a 
spectacle  upon  which  the  philosopher  may  well  ponder,  and  by  which  the  soul  of  the  citizen  and  the  poet  cannot 
but  be  enkindled. 
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THE  HUM  OF  THE  SHUTTLE 

A  S  textiles  were  among  the  first  so  have  they  remained  among  the  most  important 
/\  of  American  factory-made  products.  When  Eli  Whitney  invented  the  cotton 
L  %.  gin  near  the  end  of  the  eighteenth  century,  he  made  possible  the  development 
in  the  United  States  of  one  of  the  world’s  most  important  cotton-producing  areas.  Cheap 
cotton  cloth  manufactured  by  the  New  England  mills  after  the  War  of  1812  found  a 
ready  market  not  only  on  the  farms  and  in  the  cities  of  the  Atlantic  seaboard,  but  among 
the  people  who  were  vigorously  pushing  into  the  Mississippi  valley.  The  machines  which 
had  made  possible  the  Industrial  Revolution  in  England  at  the  end  of  the  eighteenth 
century  were  reproduced  in  American  factories.  During  the  growth  in  textile  manufacture 
in  the  first  half  of  the  eighteenth  century,  they  were  improved  and  adapted  to  American 
conditions.  In  1860  cotton  was  the  chief  textile  manufactured  in  the  United  States. 

The  Civil  War  had  no  more  important  effect  upon  American  industry  than  upon 
textiles.  The  supply  of  cotton  from  the  South  was  practically  shut  off  for  four  years. 
The  Union  armies  demanded  woolen  uniforms.  Cotton  manufacturing  was  retarded 
and  the  making  of  woolens  vastly  stimulated.  Not  until  1900  did  cotton  regain  its  former 
preeminence.  In  the  census  of  manufactures  taken  nineteen  years  later  the  value  of 
cotton  goods  was  found  to  be  nearly  forty  per  cent  of  the  value  of  all  the  textiles  combined. 
This  forging  ahead  of  cotton  was  not  due  to  a  diminution  in  the  demand  for  wool.  During 
the  period  the  manufacture  of  woolen  goods  steadily  and  rapidly  increased.  But  the 
demand  for  various  types  of  cotton  cloth  also  greatly  increased.  To  manufacture  this 
cloth  cheaply  and  efficiently  wonderful  new  machines  have  appeared  in  the  cotton 
factories.  So  rapid  has  been  the  mechanical  development  that  large  concerns  have  been 
compelled  to  change  their  machinery  two  and  even  three  times  in  the  period  since  1860. 
Here  the  automatic  machine  that  seems  to  work  almost  with  intelligence  has  replaced  a 
host  of  laborers. 

The  history  of  cotton  manufacturing  since  the  Civil  War  is  typical  of  two  other 
tendencies  that  marked  American  industrial  advance.  Between  1860  and  1919  in  the 
New  England  states,  the  first  home  of  cotton  manufacturing  in  the  United  States,  the 
number  of  cotton  mills  actually  decreased  while  the  number  of  spindles  they  contained 
was  multiplying  manyfold.  This  was  the  result  of  consolidation.  But  during  the  same 
period  both  the  number  of  cotton  mills  and  of  spindles  in  the  South  vastly  increased. 
The  cotton  factory  seeks  closer  proximity  to  the  supply  of  raw  product.  The  shift  marks 
an  attempt  on  the  part  of  the  industry  to  adjust  itself  more  perfectly  to  its  American 
environment. 

The  spectacular  development  of  American  cotton  manufacturing  has  been  duplicated 
in  wool  and  silk,  in  spite  of  the  fact  that  America  is  dependent  upon  importation  from  a 
long  distance  for  all  its  supply  of  raw  material  of  the  latter  product  and  for  much  of  the 
former.  The  development  moreover  has  occurred  in  the  face  of  the  competition  of  many 
old  and  well  established  mills  abroad.  This  is  but  one  illustration  of  the  industrial 
efficiency  that  has  marked  the  development  of  the  United  States  since  the  Civil  War. 
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371  Charles  Tilllnghast  James,  1804-62,  from 
DeBow's  Review,  New  Orleans.  Dec.,  1850 


372 


The  James  Steam  Cotton  Mill  at  Newburyport,  Mass.,  from  a  photograph 
taken  ca.  1890,  now  In  the  Newburyport  Public  Library 


THE  RISE  OF  THE  STEAM  COTTON  MILL 

It  was  the  textile  industry  both  in  England  and  America  that  ushered  in  the  modern  factory  system.  The 
early  history  of  industrialism  is  therefore  the  history  of  textile  manufactures.  The  great  textile  centers, 
Waltham,  Lowell,  Saco,  Holyoke,  and  Norwich,  had  developed  by  reason  of  their  fortunate  proximity  to  water 
power,  and  it  was  not  until  about  1850  that  coal-fired  steam  engines  threatened  the  supremacy  of  water-turned 
wheels.  It  was  not  comparative  costs  —  for  water  power  was  cheaper  than  steam  —  but  ease  of  expansion  and 
freedom  in  location  that  caused  textile  men  to  use  steam,  first  to  carry  the  overload  of  water-driven  factories, 
and  later  to  assume  almost  the  entire  burden  of  driving  the  machinery.  The  first  advocate  of  the  steam  engine 
for  textile  manufacture  was  General  Charles  T.  James.  He  claimed  that  the  best  location  for  a  cotton  mill 
was  at  a  seaport  to  which  coal  could  be  brought  cheaply  in  barges.  Although  users  of  inland  water  power 
scoffed  at  James,  he  put  his  theory  into  practice  at  Salem  and  Newburyport,  Massachusetts,  and  Portsmouth, 
New  Hampshire. 


373  Cotton  Mills  at  Fall  River.  ©  Brown  Brothers 


FALL  RIVER  AS  A  COTTON  MANUFACTURING  CENTER 
Fall  River,  Massachusetts,  has  completely  demonstrated  the  correctness  of  James’  theory.  Situated  upon 
an  arm  of  Narragansett  Bay,  the  city’s  coal  is  deposited  almost  at  the  mill  doors.  After  the  middle  of  the 
century  Fall  River’s  steam-driven  mills  rapidly  overtook  the  production  of  the  inland  water-power  factories, 
and  eventually  the  city  overtopped  its  long  established  rival  Lowell.  For  decades  thereafter  Fall  River  was 
the  leading  cotton  manufacturing  city  in  America. 
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COTTON  MILLS  AT 
NEW  BEDFORD 

But  Fall  River  has  met  a  competitor 
near  at  hand.  New  Bedford,  upon 
the  decline  of  whaling,  turned  its 
capital  and  surplus  labor  into  cotton 
manufacture.  With  the  same  ad¬ 
vantages  as  Fall  River,  it  at  once 
challenged  its  supremacy  and  between 
1910  and  1915  forged  ahead  of  its 
neighbor.  Since  then  New  Bedford 
has  continued  to  make  more  cotton 
yarn  and  goods  than  any  city  in  the 
United  States,  and  lays  claim  as  well  to 
superiority  in  quality  of  output.  The 
first  cotton  mill  in  New  Bedford  was  erected  in  1847  by  the  Wamsutta  Company,  while  the  whaling 
industry  was  still  at  its  height.  These  mills  have  continued  in  uninterrupted  operation  to  the  present  day. 


MOISTENING  THE  AIR 
OF  A  COTTON  MILL 
In  addition  to  facility  in  securing  coal 
both  Fall  River  and  New  Bedford 
share  another  advantage  due  to  their 
coastwise  position  —  dampness  of  cli¬ 
mate.  The  rubbing  that  yarn  gets  in 
manufacture  creates  frictional  elec¬ 
tricity  which  causes  tangles,  roughened 
surfaces  and  many  other  manufac¬ 
turing  difficulties.  Dry  air  enhances 
the  troubles  but  a  moist  atmosphere 
relieves  them,  because  moisture  is  a 
good  conductor  of  electricity.  The 
condition  of  the  air  may  vary  the  costs 
of  textile  manufacture  by  hundreds  of 
dollars  a  day.  A  naturally  moist  atmosphere  such  as  that  near  the  sea  is  therefore  of  the  utmost  benefit 
to  a  textile  mill.  Whenever  nature  is  deficient,  manufacturers  must  create  the  proper  conditions  by  artificial 
means.  The  device  that  sprays  water  or  steam  into  the  workroom  (seen  in  the  upper  part  of  the  illustration) 
is  called  a  humidifier. 


375  Humidifiers  in  a  Cotton  Mill,  courtesy  of  the  American  Moistening  Company, 

Providence,  R.  I. 


374  The  Wamsutta  Mills,  1847,  courtesy  of  the  Wamsutta  Company, 

New  Bedford,  Mass. 


376  From  Harper's  Weekly,  July  25,  1868,  after  a  drawing 

by  Winslow  Homer 


COMING  HOME  FROM 
THE  FACTORY,  1868 
One  of  the  most  interesting  sights  to  our 
forefathers  was  the  home-bound  crowd  of 
factory  operatives  at  “bell  time,”  as  the 
evening  hour  of  the  finished  workday  was 
then  called.  It  was  a  sight  like  this  that 
gave  Charles  Dickens  his  only  favorable 
impression  of  America,  if  we  are  to  judge  by 
his  American  Notes,  1842.  It  is  interesting  to 
observe  in  this  drawing  made  at  Lawrence, 
Massachusetts,  the  number  of  Irish  types. 
This  fact  foreshadows  a  change  in  mill 
labor,  the  substitution  of  immigrants  for 
native  American  “help.” 
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IRISH  TEXTILE  WORKERS 


ITALIANS 


379  French-Canadian  Woman  in  a  New  England 
Factory.  ©  Keystone  View  Company 


TEXTILE  WORKERS,  1925 
In  time  new  opportunities  called  American 
girls  from  the  mills.  Their  places  were 
filled  by  immigrants;  first  by  the  Irish, 
then  by  French-Canadians,  and  eventually 
by  Portuguese,  Italians,  Greeks  and  Slavs. 
With  the  arrival  of  immigrant  labor  our 
textile  mills  had  no  cause  for  boasting 
about  their  labor  policies  or  practices.  The 
excellent  beginning  was  not  maintained. 
Individual  mills  have  done  much  to  im¬ 
prove  labor  conditions  and  to  keep  labor 
standards  up  to  American  levels,  but  there 
are  many  plants  and  whole  communities 
where  labor  conditions  are  deplorable. 


Photographs  of  Textile  Workers,  courtesy  of  the  American  Woolen  Company,  Boston 
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THE  SOUTH  CHALLENGES  NEW  ENGLAND’S  SUPREMACY 
In  the  years  following  1814,  when  the  first  complete  cotton  factory  was  set  up  at  Waltham,  Massachusetts,  the 
leadership  of  New  England  was  uncontested  until  about  1870.  Then  the  Piedmont  sections  of  the  Carolinas 
and  Georgia  began  their  startling  career.  The  South  offered  proximity  to  raw  materials,  abundant  low-priced 
labor,  freedom  from  onerous  legal  restrictions,  cheap  hydroelectric  power,  the  latest  equipment,  low  taxes  and 
a  large  home  market.  To  offset  these  advantages  the  North  possessed  experience,  abundant  capital,  favorable 
climate,  conveniently  located  dye  houses  and  bleacheries,  easy  access  to  the  New  York  and  Boston  markets, 
and  mills  whose  original  cost  had  largely  been  written  off  the  books.  At  first  the  competition  between  the  two 
regions  created  a  division  in  the  type  of  goods  made,  the  inexperienced  South  specializing  in  the  cheaper 
grades  whose  values  depended  mostly  on  the  raw  material  they  contained,  whereas  the  North  turned  to 
products  whose  value  was  more  largely  determined  by  skilled  workmanship.  But  time  has  reduced  this  expe¬ 
dient  of  the  North;  and  the  South,  which  already  uses  more  raw  cotton  and  is  expanding  its  equipment 
more  rapidly,  will  in  the  immediate  future  enter  upon  a  struggle  with  the  North  for  complete  supremacy. 


385 


Cotton  Mills,  Albemarle,  North  Carolina,  Irom  a  photograph  by  the  United  States  Department  o i  Agriculture 
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880  From  a  photograph  by  Lewis  W.  Hlne 

the  mountaineers  and  the  farmers  change  frequently  from  one  mill 
sake  of  variety. 


A  MOUNTAINEER  IN  A 
SOUTHERN  COTTON  MILL 
The  expansion  of  cotton  manufacture 
in  the  South  has  again  called  into  the 
mills  a  native  white  labor  group. 
Mountaineers,  with  an  ancestry  trace¬ 
able  to  the  original  colonial  settlers, 
have  furnished  the  southern  mills 
with  the  larger  part  of  their  opera¬ 
tives.  In  addition,  these  factories 
have  drawn  white  farmers  and  their 
families  from  the  small  farms  of  the 
Carolinas  and  Georgia.  The  moun¬ 
taineers  coming  into  the  textile  towns 
make  their  homes  there,  but  the 
farmer  fluctuates  between  mill  and 
farm  in  accordance  with  the  price  of 
cotton;  if  cotton  is  low,  then  to  the 
mill  he  goes;  if  cotton  is  high,  the 
mill  is  temporarily  forsaken.  Both 
village  to  another,  often  merely  for  the 


387  From  a  photograph  by  the  United  States  Department  of  Agriculture 

PICKING  ROOM  OF  A  COTTON  MILL 

Some  southern  cotton  mills  are  so  fortunately  situated  that  they  can  get  loose  unbaled  cotton  direct  from  the 
gin,  but  nearly  all  factories  receive  their  raw  cotton  in  bales.  The  first  step  in  manufacture,  therefore,  is 
opening  the  bales,  loosening  the  lint,  cleaning  it  and  picking  apart  the  matted  fibers.  This  is  done  by  a  series 
of  machines.  The  first  “picker”  in  the  series  does  its  work  only  roughly,  but  each  successive  “picker”  is 
adjusted  to  accomplish  a  more  thorough  task.  The  significance  of  this  process  may  be  realized  from  the  fact 
that  the  five  hundred  pounds  of  cotton  in  a  compressed  bale  take  up  nearly  twice  as  much  space  after  the  bale 
has  been  “picked,”  and  that  the  “picking”  must  be  so  fine  that  the  fibers  can  later  be  arranged  in  smooth, 
clean,  even,  strong  yarn.  The  yarn  from  one  bale  is  seldom  less  than  five  hundred  miles  long,  is  usually 
five  thousand  miles  and  often  fifty  thousand.  The  efficiency  of  the  “picker  room”  has  a  bearing  upon  the 
amount  of  yarn  that  can  be  spun  from  one  bale. 
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CARDING 

The  cotton  as  it  leaves  the 
pickers  is  called  a  “lap” 
and  consists  of  fibers  criss¬ 
crossed  in  every  conceiv¬ 
able  manner.  Mixed  with 
the  fibers  are  small  ad¬ 
hering  pieces  of  leaf,  seed, 
stalk,  and  minute  sections 
of  the  boll.  The  next 
process  is  designed  to 
straighten  the  fibers  so 
that  they  lie  parallel,  and 
to  rid  them  of  foreign 
matter,  while  at  the  same 
time  the  weight  per  yard 
of  the  lap  is  reduced  by 
attenuation.  The  ma¬ 
chine  which  does  this  work 
is  called  a  “card”  and  the 
process  “carding.”  The 

action  of  the  machine  is  akin  to  brushing  or  combing  and  is  accomplished  by  bringing  the  lap  against  sets  of 
wire  teeth  differently  arranged  in  various  types  of  carding  machines.  As  the  web  of  parallelized  fibers  leaves 
the  “card”  it  is  collected  into  a  narrower  ribbon  called  a  “sliver”  and  coiled  in  a  tall  cylindrical  can  (at  left 
of  illustration).  It  is  then  ready  to  be  carried  to  the  next  operation. 
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DRAWING  FRAMES 

From  the  card  the  cans  of  sliver  are  generally  taken  to  a  “drawing  frame.”  This  machine  is  so  arranged  that 
the  sliver  passes  between  two  sets  of  rolls  one  above  the  other.  The  rolls  may  be  made  of  different  materials, 
or  one  set  covered  with  various  substances  or  materials  while  the  other  remains  bare.  The  sets,  too,  revolve 
at  different  speeds.  The  objects  of  the  drawing  frame  are  to  complete  the  parallelizing  of  the  fibers,  attenuate 
them,  and  produce  a  more  even  sliver.  The  rolls  pull  the  fibers  past  one  another  and  so  lay  them  parallel. 
Even  slivers  are  obtained  in  the  drawing  frame  by  combining  two  or  more  of  the  slivers  taken  from  the  cards. 
The  cotton  is  made  to  pass  through  at  least  two  and  sometimes  as  many  as  four  drawing  frames  m  order  to 
get  yarn  of  the  required 
degree  of  fineness.  While 
it  has  been  customary  to 
coil  the  slivers  in  great 
cans  that  stand  before  the 
drawing  frames,  in  many 
factories  this  is  not  the 
rule.  The  moving  of 
cans  from  one  frame  to 
the  next  consumes  time 
and  labor.  In  order  to 
save  this  expense  the 
drawing  frames  may  be  so 
grouped  that  the  product 
of  one  series  becomes  the 
raw  material  of  the  next, 
the  slivers  passing  di¬ 
rectly  from  one  machine 
to  another  without  being 
run  into  cans. 
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THE  COTTON 
COMBER 

Foe  very  fine  yarns  a 
process  called  “combing” 
comes  between  carding 
and  drawing,  the  object 
of  which  is  to  remove 
short  fibers  from  the 
sliver.  The  lap  first  passes 
through  two  machines 
where  several  laps  are 
combined,  the  resultant 
sliver  passing  into  a 
comb .  ”  This  is  a  highly 
complicated  mechanism 
that  grips  a  segment  of 
the  sliver  and  shoves  it 
against  cylinders  set 
thickly  with  fine  needles 

which,  passing  through  390  ©  Ewing  Galloway 

the  fringe  of  cotton,  remove  all  the  small  fibers  and  minute  knots,  the  long  fibers  being  held  firmly  in  the  grip 
device.  The  long  fibers  are  pieced  together  within  the  machine,  stretched  out,  and  finally  delivered  in  a  coiled 
sliver  into  a  can. 


FLY  FRAMES 

Although  the  drawing  frames  or  comber  have  improved  the  sliver  it  is  still  too  bulky  to  be  spun.  It  next 
passes  through  a  series  of  machines  where  the  slivers  are  doubled  and  redoubled  to  produce  the  greatest  even¬ 
ness,  and  attenuated  to  an  unbelievable  extent.  For  example,  a  yard  of  finished  “roving”  may  weigh  only 
one  fiftieth  to  one  hundred  fiftieth  as  much  as  a  yard  of  sliver  at  the  beginning  of  the  process.  The  ma¬ 
chines  that  perfect  this  attenuation  and  evening  are  called  “fly  frames”  and  speeders.  Since  the  continual 
attenuation  weakens  the  sliver  the  frames  are  arranged  to  twist  it  in  order  that  it  may  hold  together.  After 
twisting  the  sliver  is  wound  upon  a  bobbin.  The  attenuation  is  produced  by  holding  the  sliver  in  one  part  of 
the  machine  at  one  speed  and  pulling  it  toward  another  part  operating  at  a  higher  speed.  The  finished  roving 
—  the  name  given  the  yarn  after  it  has  passed  the  fly  frame  —  is  ready  for  spinning. 


391  ©  Keystone  View  Company  392  Different  Stages  of  Roving.  ©  Keystone 

View  Company 
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MULE  SPINNING 
The  oldest  spinning  ma¬ 
chine  is  known  as  the 
“mule.”  This  machine  is 
very  long  and  has  two 
parts,  one  fixed,  the  other 
movable  in  a  forward  and 
back  motion.  The  yarn  is 
placed  on  the  fixed  por¬ 
tion  and  attached  to  the 
movable  section.  When 
the  section  runs  forward 
the  yarn  is  stretched. 

Upon  the  return  the  yarn 
is  twisted  or  spun  and 
wound  about  a  bobbin. 

Simple  as  this  sounds,  the 
machine  requires  great 
skill  to  operate  and  the 
work  is  heavy.  Conse¬ 
quently  nearly  all  mule 
1  .  393  Courtesy  of  the  Mason  Machine  Works,  Taunton,  Mass, 

spinners  are  men.  Most 

mills  use  the  mule  spinner  only  for  the  finest  yarns.  The  device,  which  was  one  of  the  three  or  four  inventions 
marking  the  beginning  of  the  Industrial  Revolution,  has  been  replaced  for  ordinary  work  by  more  nearly 
automatic  machines. 


SPINNING  ROOM  IN  A  COTTON  MILL 

The  common  and  more  modern  spinning  machine  is  called  the  “ring  spinner.”  In  this  the  yarn  is  stretched  by 
passing  between  two  rolls  operating  at  different  speeds  as  in  the  drawing  frame.  The  twist  is  given  by  a  flying 
ring  through  which  the  yarn  passes.  These  machines  are  nearly  automatic  and  may  therefore  be  attended  by 
girls  whose  sole  tasks  consist  in  keeping  the  mechanism  supplied  with  yarn,  and  joining  broken  ends  of  yarn. 
Although  the  ring  spinner  does  not  produce  as  fine  yarn  as  the  mule,  it  is  so  much  quicker  and  cheaper  in 
operation  that  it  is  employed  for  most  of  the  yarn  produced. 
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WINDING  AND  SPOOLING  ROOM 
The  spun  yarn  is  wound  and  spooled  in  preparation  for  the  pre¬ 
liminary  operations  of  weaving.  What  a  contrast  is  such  a  room 
to  the  spinning  wheel  which  a  little  more  than  a  century  ago  was 
a  household  commonplace. 

BEAMING 

The  first  step  in  preparation  for  weaving  is  called  “beaming.” 
The  beam  is  a  huge  roll  upon  which  is  wound  from  separate  spools 
each  thread  that  is  to  form  part  of  the  warp  of  the  cloth.  Beaming 
must  be  done  with  care  to  see  that  each  thread  is  wound  smoothly 
on  the  roll  in  order  that  there  may  be  no  hindrance  to  weaving. 

396  Full  and  Empty  Warp  Spools.  ©  Keystone 
View  Company 
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“DRAWING  IN” 

The  beam  roll  is  carried 
to  the  “drawing  in”  room 
of  the  mill.  Each  thread  on 
the  beam  must  be  passed 
through  an  eye  in  a  wire. 
The  wires  are  held  together 
in  a  frame  which  will  be¬ 
come  part  of  the  mechanism 
of  the  loom  or  weaving 
machine.  There  is  no  ma¬ 
chine  in  general  use  for 
pulling  the  beam  threads 
through  the  wire  eyes  and 
this  work  is  done  by  hand. 
Since  it  is  similar  to  thread¬ 
ing  a  needle,  albeit  a  gigan¬ 
tic  one,  the  work  is  most 
often  done  by  women,  an¬ 
other  instance  in  industry 
where  women  make  more 
desirable  workers  than  men. 


A  WEAVING  ROOM,  WITH  LOOMS  IN  ACTION 
Weaving  consists  in  tightly  interlocking  two  sets  of  threads  at  right  angles  to  form  a  fabric.  If  one  stands 
directly  in  front  of  a  weaving  machine  —  called  a  loom  —  the  threads  that  run  into  the  machine  comprise 
the  warp.  Those  that  cross  the  warp  at  right  angles  from  the  side  of  the  machine  are  named  the  weft  (or  woof). 
The  weft  thread  from  a  bobbin  is  fed  out  of  a  container  called  a  shuttle  which  drops  the  thread  as  the  shuttle 
passes  back  and  forth  across  the  loom.  Since  the  warp  threads  must  bear  nearly  all  the  strain  of  the  operation 
they  necessarily  are  firmer  and  stronger  than  the  weft  or  filling  threads. 
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A  WEAVE  ROOM 
EQUIPPED  WITH 
NORTHROP  LOOMS 


Of  recent  technical  ad¬ 
vances  in  the  cotton  in¬ 
dustry  the  most  important 
is  the  automatic  loom. 

This  machine,  called  the 
“  Northrop  ”  as  well  as  the 
“Draper”  loom,  was  in¬ 
vented  in  1891  by  James 
Northrop,  English  by 
birth  but  an  American  by 
adoption.  The  patents 
were  purchased  by  the 
Draper  Company  of  Hope- 
dale,  Mass.  This  com¬ 
pany  spent  large  amounts 
of  money  in  perfecting 
the  machine  and  adapting 
it  to  the  varying  exi¬ 
gencies  of  the  textile  in-  400  Courtesy  of  the  Draper  Corporation,  Hopedale,  Mass. 

dustry.  Although  Northrop  conceived  the  principle  of  the  machine,  the  product,  as  it  was  put  on  the  market 
in  1894  by  the  Draper  Company,  represented  the  efforts  of  at  least  five  inventors  who  gave  this  task  their 

entire  time  for  three  years.  The  automatic  loom 
supplies  itself  with  weft  yarn  from  a  filling  hop¬ 
per  on  the  side,  threads  its  own  shuttle  and  stops 
itself  when  the  shuttle  is  out  of  position  or  when 
a  warp  yarn  breaks.  The  automatic  loom  saves 
two  hundred  loom  stoppages  per  day,  saves  wear 
and  tear  on  the  loom  by  its  accuracy  of  motion 
and  continuous  operation  and  reduces  the  amount 
of  skill  required  by  an  operator.  The  labor  cost 
of  weaving  was  previously  one  half  the  cost  of 
the  manufacture  of  cotton  cloth;  the  automatic 
loom  cuts  weaving  costs  in  half.  Once  three 
persons  were  required  to  run  one  loom,  nowadays 
with  automatic  looms  one  weaver  may  tend  as 
many  as  thirty  machines. 
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A  JACQUARD  LOOM  IN  OPERATION 
A  still  more  complicated  loom  is  the  Jacquard, 
named  for  its  French  inventor.  This  loom 
automatically  weaves  fancy  patterns  in  different 
colors.  Its  operation  is  too  technical  to  describe, 
but  the  result  is  accomplished  by  means  of  the 
perforated  cards  which  hang  in  a  cluster  above 
the  machine.  Nowhere  better  than  in  the 
modern  textile  factory  can  be  seen  the  triumphs 
of  man’s  inventive  skill.  The  automatic  ma¬ 
chine  has  been  made  to  produce  almost  unbe¬ 
lievable  results.  It  is  tireless,  its  work  is  always 
the  same.  So  long  as  it  is  well  made  and  properly 
cared  for,  it  is  dependable.  It  performs  the  labor 
of  hundreds  of  skilled  hands. 
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THE  FIRST  WOOL  FACTORY 
IN  AMERICA 

Cotton  manufacture  was  born  with  the  age  of 
machinery,  but  the  manipulation  of  wool  for 
man’s  comfort  is  older  than  recorded  history. 
By  ageless  custom,  wool  manufacture  remained 
a  household  industry  long  after  the  manufacture 
of  cotton  in  factories  by  machines  was  a  demon¬ 
strated  success. 

It  is  said  that  the  first  American  wool  mill  was 
established  at  Hartford,  Connecticut,  in  1788, 
by  the  Hartford  Woolen  Manufactory,  a  joint 
stock  association  sponsored  by  Jeremiah  Wads¬ 
worth.  This  “mill,”  however,  was  mainly  a 
collection  under  one  roof  of  several  hand- 
operated  wool  spinning  and  weaving  devices, 
although  water  power  also  was  actually  em¬ 
ployed. 

This  Hartford  “mill”  attained  considerable 
fame.  Washington  upon  his  inauguration  as 
President  in  1789  was  clothed  in  cloth  made  at  Hartford.  Despite  the  prestige,  nowadays  called  advertising, 
created  by  this  event,  the  Hartford  venture  had  hard  business  conditions  to  meet.  Household  and  imported 
cloth  competed  with  its  product;  high  operating  costs  and  accumulations  of  unsold  goods  destroyed  both 
profits  and  invested  capital.  It  was  kept  alive  by  a  lottery  sanctioned  by  the  state,  but  even  this  aid  failed 
eventually  and  the  stock  and  equipment  of  the  enterprise  were  sold  at  auction. 


THE  SCHOLFIELDS, 

PIONEERS  OF 
AMERICAN  WOOL 
MANUFACTURE 
The  significance  of  the 
name  of  Slater  in  cotton 
manufacture  is  equaled  in 
the  wool  branch  of  the 
textile  industry  by  the 
names  of  John  and  Arthur 
Scholfield  [ScolfieldJ. 

These  two  brothers  came 
to  America  in  1793  from 
Yorkshire,  the  heart  of  the 

British  wool  industry,  and  established  themselves  in  the  shadow  of  Bunker  Hill  at  Charlestown.  They  eventu¬ 
ally  came  in  contact  with  local  capitalists  and  promoters  —  among  whom  was  Moses  Brown,  who  had  backed 
Slater  —  and  gained  the  financial  assistance  necessary  to  inaugurate  a  wool  manufactory  at  Newburyport, 
Massachusetts,  in  1794.  The  most  essential  contribution  of  the  Scholfields  to  this  enterprise  was  the  erection 
of  the  first  wool  carding  machine  in  this  country.  This  machine  was  placed  in  the  Blyfield  mill  at  Newburyport, 
Massachusetts.  The  machine  pictured  is  said  to  be  the  original,  still  in  existence. 

There  is  some  question  as  to  whether  the  Scholfields  actually  constructed  the  machine  or  procured  it  from 
England.  In  view  of  the  rigidity  of  the  English  law  and  practice  concerning  the  exportation  of  machinery, 
parts  or  even  drawings,  it  seems  improbable  that  this  carding  machine  was  imported  and  more  likely  that  the 
Scholfields,  like  Slater,  made  it  from  memory  of  what  they  had  seen  and  used  in  British  mills.  The  Scholfields 
also  constructed  some  of  the  earliest  American  wool  spinning  jennies  and  actually  produced  the  first  piece  of 
American  machine-made  broadcloth. 

The  Newburyport  mill  continued  in  operation  for  a  half  century  and  was  the  first  successful  wool  mill  in. 
America,  the  earlier  Hartford  venture  having  failed. 


American  manuJaElured  Woolens. 

For  SALE, 

At  the  Hartford  Woolen  Manufactory. 

A  GREAT  Variety  of  CLOTHS,  SERGES, 
COATINGS,  &c.  fuitea  to  the  prefent  and  ap¬ 
proaching  Sealon. — The  colours  may  be  relied  on,  be¬ 
ing  principally  dyed  m  Gram. — They  have  lately  eftab- 
liihed  a  Blue  Dye,  wherein  all  the  different  Shades  from 
a  Pearl  Colour  to  Navy  Blue  are  dyed — being  the  firft 
Attempt  of  the  kind  in  America.  The  Goods  will  be 
fold  on  the  moft  reafonable  Terms  for  ready  Pay,  and 
Credit  will  be  given  to  thofe  who  deal  for  a  large  A- 
mount,  where  the  Security  is  anqueflionable. 

As  the  owners  of  this  Manufacture  have  been  at  great 
Expcnce  in  ellablifhing  fo  ufeful  a  Branch  of  Bufinefs,  it 
is  to  be  prefumed  the  Shopkeepers  in  this  State  will  ex¬ 
ert  themfelves  in  furthering  fo  laudable  an  Undertaking 
by  giving  their  Cloths  a  preference. 

DANIEL  HINSDALE,  Agent. 
Hartford,  September  1789. 
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THE  SCHOLFIELDS  AT  PITTSFIELD,  1801 
The  Scholfields,  however,  were  too  enterprising  to  remain  at  the 
Newburyport  mill,  and  their  knowledge  of  wool  manufacture  was  in 
great  demand.  Half  a  dozen  pioneer  wool  mills  were  more  or  less 
associated  with  one  or  the  other  of  the  brothers. 

The  Berkshire  Hills  region  of  western  Connecticut  and  Massachu¬ 
setts  by  1800  had  become  an  important  sheep  country.  A  few  years 
later  it  became  world  famous  for  its  merino  sheep.  Arthur  Scholfield 
was  attracted  to  this  territory  and  in  1801  he  started  a  wool  mill  at 
Pittsfield,  Massachusetts.  This  mill  had  a  checkered  career  and 
Arthur  Scholfield  soon  turned  from  it  to  other  ventures. 


404  From  The  Pittsfield  Sun,  Nov.  2,  1801 


THE  HUMPHREYS  MILL,  1806 
Another  name  of  equal  importance  in 
the  early  history  of  American  wool 
manufacturing  is  that  of  General 
David  Humphreys.  In  1802,  while 
American  minister  to  Spain,  Humphreys 
secured  some  specimens  of  merino 
sheep  which  he  sent  to  his  home  town, 

Derby,  Connecticut.  From  there  they 
spread  to  the  Berkshires,  an  ideal  sheep 
country.  Merinos  were  also  inde¬ 
pendently  introduced  into  the  Hudson  405 
valley  and  Vermont.  By  1812  the 
breeding  of  merino  sheep  was  carried  on  so  widely  and  successfully  that  American  merinos  were  everywhere  in 
demand.  Humphreys  on  his  return  home  turned  to  the  manufacture  of  the  merino  wool.  At  a  large  waterfall 
in  the  Naugatuck  River  near  Derby,  he  built  a  factory  and  founded  a  village  called  for  a  time  Humphreysville. 


From  Frank  Landon  Humphreys,  Life  and  Times  of  David  Humphreys,  1917, 
courtesy  of  the  author  and  of  G.  P.  Putnam’s  Sons 


Arthur  Scolfield^ 

Rifpi&fully  Uftrm i  tbt  lnhahtttnu  of  PITTS  WILD 

1 1 I  nr  gila*rix[  Tims,  tbit  hi  his  I 

CARDING  MACHINE, 

Haifa  milelVeJl  of  the  Meeting-House, 
Where  they  may  have  their  WOOL 
CARDED  into  ROLES,  for  ta  i-t  Cents 
per  lb.— Mixtures  15  Cents  per  lb.— If 
they  find  the  greafe,  and  pick  and  greafe  it, 
it  wiU  be  ro  C^nts  per  lb.  and  ta-j-a  for 
■Mix'd.  Hatters  Wool  Broke  for  4  Cent* 
per  lb.  They  are  requelled  to  fend  their 
Wool  in'Sheets,  as  they  will  ferve  to  bind 
up  the  Roles  when  dose. 

»  ALSO, 

A  fmall  Affortment  of  WOOL¬ 
LEN’S  fbr  Sale. 

Pittsfield ,  Nov.  2,  1801. 


MIDDLESEX  MILLS,  LOWELL,  1830 
Wool  manufacture,  unlike  the  cotton,  remained  a  small- 
scale  industry  carried  on  wherever  there  were  communities 
with  small  water-power  sites.  The  many  vicissitudes  of 
fashion,  tariff,  scarcity  and  variability  of  raw  materials, 
household  and  foreign  competition,  tended  to  restrict 
the  scale  of  operations,  dependent,  as  the  industry  was, 
largely  upon  skilled  male  labor. 

When,  therefore,  in  1830,  the  Middlesex  Company,  of 
which  Samuel  Lawrence  and  William  W.  Stone  were  the 
foremost  stockholders,  started  to  build  a  great  wool  mill 
at  Lowell  on  the  site  where  the  original  canal  entered  the 

Concord  River,  the  project  was  greeted  with  doleful  predictions  of  failure. 

In  1848  the  Middlesex  Company  had  a  capital  of  one  million  dollars,  then  an  unheard-of  sum,  invested  in 
wool  manufacture,  although  usual  enough  in  the  other  textile,  cotton.  Although  the  Middlesex  mill  was  not 
the  first  complete  wool  mill  in  America  —  as  is  sometimes  stated  it  was  the  largest  of  its  kind  in  that  day, 
and  was  the  first  to  be  organized  on  the  plan  of  the  modern  corporation.  The  original  company  failed  in  the 
panic  of  1857  but  the  business  was  reorganized  and  continued.  Samuel  Lawrence,  belonging  to  the  family 
of  the  Groton  Lawrences,  whose  name  is  closely  identified  with  Boston  commerce  and  New  England  textile 
manufacture,  was  the  chief  stockholder  in  the  Middlesex  Company,  and  is  said  to  have  conceived  the  idea, 
although  not  the  mechanical  appliances,  which  converted  the  Crompton  cotton  loom  to  the  weaving  of  fancy 
woolens.  These  were  first  produced  in  America  in  the  Middlesex  mills. 


406  From  a  woodcut  made  In  1848,  in  the  Bulletin  of  ^he 
National  Association  of  Wool  Manufacturers ,  Dec.,  1902 
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407  From  the  portrait  by  Chester  Harding  (1792- 
1866)  in  possession  of  Bishop  William  Lawrence, 
Boston 


AMOS  LAWRENCE,  1786-1852 
Amos  Lawrence,  himself  distinguished,  came  from  a  family  long 
accustomed  to  distinction.  The  founder  of  the  American  branch, 
John  Lawrence,  was  a  member  of  Governor  Winthrop’s  company,  and 
was  one  of  the  original  landholders  in  Groton,  Massachusetts,  where 
Amos  was  born.  Amos  Lawrence,  after  attending  Groton  Academy, 
became  a  clerk  in  a  country  store  but  soon  went  to  Boston  to  enter 
upon  commercial  pursuits.  In  1807  he  opened  his  own  business  house 
and  amassed  a  fortune.  The  capital  gained  from  commerce  Amos 
Lawrence  turned  in  part  into  the  textile  industry  of  New  England,  and 
he  was  a  prominent  member  of  the  small  group  of  Boston  capitalists 
who  established  New  England’s  fame  as  a  manufacturing  center. 
After  retiring  from  active  business  in  1831  Amos  Lawrence  became  the 
Andrew  Carnegie  of  his  time.  He  did  not  found  libraries,  but  he 
bought  good  books  literally  by  the  barrel  and  distributed  them  from 
his  carriage  to  those  who  he  thought  would  profit  by  their  use.  He 
was  also  a  benefactor  of  colleges  and  schools. 


ABBOTT  LAWRENCE,  1792-1855 
Abbott  Lawrence  served  his  apprenticeship  in  commerce  in  his 
older  brother’s  Boston  establishment.  Upon  coming  of  age  in 
1814  he  was  taken  into  partnership  with  Amos.  They  were 
chiefly  concerned  with  the  sale  on  commission  of  imported  cottons 
and  woolens.  As  a  result  of  their  work  in  developing  the  Ameri¬ 
can  manufacture  of  textiles,  the  city  of  Lawrence  was  named  for 
them.  They  had  investments,  however,  in  many  mills  other 
than  those  in  Lawrence  itself.  Abbott  Lawrence  was  not  only  a 
merchant  and  a  manufacturer  but  also  a  politician.  He  served  in 
Congress  and  lacked  but  six  votes  of  being  nominated  for  vice- 
president  on  the  Taylor  ticket.  He  declined  a  cabinet  portfolio 

under  Taylor  but 
accepted  the  ap¬ 
pointment  of 
American  minister 
to  Great  Britain, 
where  he  made  an 
excellent  reputa¬ 
tion  for  himself  408  From  the  portrait  by  George  P.  A.  Healy  (1808-94) 

in  possession  ol  Mrs.  Henry  Parkman,  Jr.,  Boston 

and  his  country. 

Like  his  brother  Amos,  he  was  also  a  philanthropist  with  an 
especial  interest  in  education.  The  Lawrence  Scientific  School 
of  Harvard  University  was  endowed  by  Abbott  Lawrence. 


409  From  a  photograph,  1924 


WILLIAM  MADISON  WOOD,  1861-1926 
William  M.  Wood  was  the  industrial  heir  in  the  woolen  indus¬ 
try  of  the  Lawrences  and  others  of  the  previous  generation.  He 
was  born  at  Martha’s  Vineyard  and  after  a  public  school 
education  entered  the  Wamsutta  Mills  of  New  Bedford  as  a 
clerk.  He  assisted  in  the  reorganization  of  several  textile  enter¬ 
prises  in  Fall  River.  This  drew  him  back  into  manufacturing, 
and  he  became  paymaster  and  general  agent  for  a  woolen  mill 
in  Lawrence.  When  the  twenty-eight  woolen  manufacturing 
companies  that  comprise  the  American  Woolen  Company  were 
merged.  Wood  entered  the  combine  and  eventually  became  its 
president,  a  position  he  held  with  honor  for  many  years. 
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410  Lucius  James  Knowles,  1819-84,  courtesy  of  the  411  Sketch  of  the  Knowles  Loom,  patented  1856,  courtesy  of  the 

Crompton  &  Knowles  Loom  Works,  Worcester,  Mass.  Crompton  &  Knowles  Loom  Works 


KNOWLES  AND  HIS  LOOM 


Lucius  James  Knowles  was  one  of  the  men  who  gave  rise  to  the  idea  that  Yankees  had  a  peculiar  inventive 
genius.  Born  in  Harwich,  Massachusetts,  and  well  educated,  Knowles  started  his  career  as  a  clerk  in  a  country 
store  at  Shrewsbury,  but  even  as  a  clerk  his  mechanical  ingenuity  led  him  to  invent  a  safety  steam  boiler 
regulator.  Forsaking  the  store,  Knowles  went  to  Worcester  where  for  two  years  he  was  a  photographer,  at 
the  same  time  carrying  on  an  electric  gilding  and  silver  polishing  business.  During  this  period  he  invented  a 
machine  for  winding  thread  on  spools,  previously  a  slow,  laborious  hand  job. 

Knowles’  next  business  venture  was  as  a  manufacturer  of  satinets. 
This  turned  his  interest  to  looms,  and  he  took  out  several  patents  on 
improvements  upon  the  plain  loom.  His  fame,  however,  rests  upon 
his  invention  and  perfection  of  a  loom  for  weaving  fancy  patterned 
woolen  goods. 

These  looms  were  manufactured  by  himself  and  his  brother 
F.  B.  Knowles  under  the  firm  name  of  L.  J.  Knowles  &  Brother. 
Their  first  product  was  a  loom  on  which  could  be  woven  the  materials 
for  hoop  skirts.  Soon  they  were  among  the  leading  manufacturers 
of  fancy  looms  in  America  and  throughout  the  world.  Knowles  was 
also  the  inventor  of  a  steam  pump. 


412  Courtesy  of  the  Crompton  &  Knowles 
Loom  Works 


WILLIAM  CROMPTON,  1806-91 
Although  Lowell  had  introduced  the  power  loom  into  the  cotton 
industry  in  1814,  it  was  not  until  1828  that  a  power  loom  was  success¬ 
fully  applied  to  weaving  broad  goods  in  the  woolen  industry,  and  it 
was  not  until  1840  that  such  a  loom  was  designed  for  fancy  woolen  goods. 
The  credit  for  this  latter  achievement  goes  to  William  Crompton. 

Crompton  was  a  Lancashire  Englishman  who  settled  in  Taunton, 
Massachusetts,  in  1836  and  obtained  employment  in  a  cotton  mill. 
There  he  made  certain  improvements  in  a  loom  that  permitted  the 
power  weaving  of  fancy  cottons.  This  came  to  the  attention  of 
Samuel  Lawrence  of  the  Middlesex  Mills  and  he  engaged  Crompton 
to  perfect  a  power  loom  for  weaving  fancy  figured  woolens.  After 
much  effort  and  many  disappointments,  Crompton  at  last  succeeded. 
His  loom  revolutionized  the  weaving  of  this  style  of  woolen  goods 
throughout  the  world. 
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413  George  Crompton,  1829-86,  courtesy  414  The  Crompton  Loom  Works  in  1870,  from  a  photograph  by  courtesy  of  the 

of  the  Crompton  &  Knowles  Loom  Works  Crompton  &  Knowles  Loom  Works 

THE  CROMPTON  LOOM 

William  Crompton  himself  never  realized  much  from  his  invention,  but  his  son  George  Crompton  took  the 
father’s  patent,  invented  a  host  of  improvements  for  the  loom  and  at  Worcester  manufactured  the  machines 
on  a  large  scale.  The  Crompton  Works  in  time  shared  with  the  Knowles  Loom  Company  most  of  the  output 
of  looms  in  America  and  led  the  world  in  this  class  of  machinery.  Eventually,  in  1897,  the  two  firms  were 
combined  as  the  Crompton  and  Knowles  Loom  Works.  This  firm  has  ever  since  been  a  dominant  figure  in  the 
textile  machine  business. 


415  ©  The  American  Woolen  Company,  Lawrence,  Mass. 


SORTING  FINE  AUSTRALIAN  WOOL 

Since  wool  is  an  animal  product,  its  quality  is  affected  by  everything  that  happens  to  a  sheep  during  the  year 
the  fleece  is  grown.  The  breed  of  sheep,  climate,  soil,  color  of  soil,  intermittency  of  hot  and  cold  weather, 
rainy  or  dry  seasons,  parasites,  the  kind  and  amount  of  weeds  in  the  feeding  places,  all  materially  influence  the 
quality  of  wool.  The  raw  material  is  consequently  never  uniform,  the  fleeces  of  even  two  sheep  never  being 
exactly  alike.  In  order  to  bring  the  product  as  close  to  standard  as  possible,  the  first  operation  is  the  sorting 
and  classification  of  wool.  The  wholesale  dealers,  of  course,  do  considerable  sorting  before  the  wool  is  sold  to 
manufacturers,  but  the  latter  must  refine  the  wholesalers’  classification. 

This  sorting,  together  with  scouring  —  for  raw  wool  is  greasy  and  exceedingly  dirty  —  are  preliminary 
manufacturing  operations  not  found  in  the  cotton  industry.  Otherwise,  the  actual  manufacture  of  wool, 
although  by  no  means  identical  with  cotton,  is  so  similar  that  it  is  not  necessary  to  repeat  the  story. 
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416  The  Wood  Worsted  Mill,  Lawrence,  Mass.,  courtesy  of  the  American  Woolen  Company.  ©  A.  B.  Smith 


LARGE-  AND  SMALL-SCALE  WOOLEN  MILLS 
Wool  manufacturing  is  carried  on  in  two  ways,  one  large-scale  and  localized,  the  other  small-scale  and  de¬ 
centralized.  Worsted  mills  are  large  and  centrally  located  near  Boston,  the  second  largest  wool  market  in  the 
world.  Worsted  cloth,  manufactured  from  the  long  woolen  fibers,  may  be  made  by  machinery  with  a  large 
proportion  of  unskilled  or  semiskilled  labor.  These  factors  make  worsted  manufacture  economically  similar 
to  cotton,  and  the  two  textiles  have  had  a  similar  history. 

Woolen  goods,  on  the  other  hand,  made  from  fine  short-fibered  wool,  depend  on  skilled  male  labor  and  upon 
the  vagaries  of  fashion.  Such  mills  are  small,  and  are  scattered  over  the  whole  country.  Many  of  them  are 
constructed  of  stone  or  brick,  although  wooden  structures  are  often  seen.  In  a  great  many  cases  the  woolen 
mill  is  the  only  factory  enterprise  in  the  village. 


Typical  Small-Scale  Woolen  Mill,  Elmville,  Conn.,  courtesy  of  the  American  Woolen  Company 
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More  efpecially  the  South  part  there , 
Richly  and  truly  valued :  vi%. 

The  fit  rile  and  no  Idle  excellent  Ifle  of  Rtr 

MMfyof Latitude  from  3 1.  to  37. Degr.  relating  the 
nicance  of  rayfing  infinite  profit*  to"  the  Advtntu- 
;  ftr>  and  Planters 

The  fecond  edition,  iri'.b  Adit; ha  of 


THE  DISCOVERY  OF  SILKWORMS, 

with  their  benefit. 

And  Implanting  of  Mulberry  Trec-i, 
ALSO 

The  Drcffing  of  Vines  ,  for  the  rich  Trade  of  nu¬ 
king  Wines  in  VIRGINIA. 

Together  « iih 

The  making  of  the  Saw-mill,  very  ufefull  in  P/rp'Wa, 
for  cutting  of  Timber  and  Clapbord  to  build  with¬ 
al),  and  its  Converfton  to  many  as  profitable  Ufes. 

By  £.  ir.  Gent. 

LONDON, 
bf  T 1 H,  for  John  StAenfon 

the  Sun  below  Ludgatc,  1650. 
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Title-page  of  the  Issue.  London,  1650,  In 
the  New  York  Public  Library 


SILK  CULTIVATION  IN  COLONIAL  VIRGINIA 
Settlers  in  a  strange  country  must  necessarily  experiment  for  a  time 
to  discover  the  best  adjustments  to  their  environment.  This  was  par¬ 
ticularly  true  in  the  early  American  colonies,  which,  except  for  tobacco, 
indigo,  and  rice,  yielded  scarcely  any  commodity  directly  salable  in  the 
British  Isles.  Among  many  attempts  to  find  exchangeable  products, 
efforts  to  produce  raw  silk  in  America  stand  conspicuous.  In  colonial 
days,  from  New  Hampshire  to  Georgia,  enthusiasts  set  to  work  planting 
mulberry  trees  and  cultivating  silkworms.  As  a  matter  of  fact,  both 
these  requisites  for  silk  production  were  and  may  be  grown  in  all  but 
a  few  parts  of  the  United  States.  The  fact  that  we  have  never  suc¬ 
ceeded  commercially  in  competing  with  China,  Italy  and  France  in  silk 
production  is  not  due  to  environment  but  to  the  lack  of  cheap  and 
dependable  labor.  Every 
step  in  silkworm  culture 
calls  for  close  personal  at¬ 
tention,  and  no  mechanical 
substitute  has  been  found 
for  the  human  eye,  ear, 
and  hand  in  this  work.  In 
consequence,  no  attempts 


to  establish  the  silkworm  industry  here  have  been  successful; 
the  pathetic  evidence  of  repeated  failure  may  be  seen  occa¬ 
sionally  in  the  forests  of  the  Carolinas  and  Georgia,  where  from 
the  trees  hang  the  cocoons  made  by  the  wild  descendants  of 
former  domesticated  silkworms. 

The  illustrations  show  silkworms  feeding  upon  leaves  placed 
on  racks  indoors,  and  the  ordinary  reeling  process  of  a  filature, 
where  the  cocoons  are  soaked  in  warm  water  to  loosen  the 
strands,  and  the  winding  of  the  thread  on  spindles  and  spools. 
The  book  in  which  these  illustrations  first  appeared  had  nothing 
to  do  with  America.  They  were,  however,  recopied  by  Edward 
Williams  for  his  tract  on  Virginia  issued  in  1650,  as  a  means  of 
inducing  colonization.  Since  raw  silk  production  wherever 
found  is  the  same,  the  American  colonial  silk  culture  probably 
resembled  these  pictures. 
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Silkworms  Feeding  on  Racks,  from  Virginia  . 
Richly  and  truly  valued,  London.  1650 


420  Reeling  Silk,  from"  Virginia  .  .  .  Richly  and  truly  valued,  London,  1650 
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THE  SILK  CRAZE  IN  EASTERN  CONNECTICUT 
At  no  time  before  the  Revolution,  despite  repeated  failures,  were 
the  colonies  without  some  silk  culture.  Connecticut  and  Massachu¬ 
setts  persisted  tenaciously  in  the  effort,  particularly  in  the  Connecticut 
and  Willimantic  valleys.  These  places  succeeded  in  adapting  at  least 
one  southern  product,  tobacco,  and  this  may  have  accounted  in  part 
for  their  persistence  in  trying  to  establish  the  other  southern  industry, 
silk  culture,  in  their  midst. 
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Silk  Mill  at  Gurleyville,  Conn.,  1827,  from  L.  P.  Brockett,  The  Silk  Industry  in 
America,  New  York,  1876,  alter  a  water  color  by  C.  C.  Burleigh,  Jr. 


421  Title-page  of  a  pamphlet,  published  at  Wind¬ 
ham,  Conn.,  1792,  In  the  New  York  Public 
Library 


THE  FIRST  SUCCESSFUL  SILK  MILL,  1827 
In  the  ’twenties  and  until  the  ’forties  there  was  a  veritable  craze  in 
the  Connecticut  and  AVillimantic  valleys  for  raising  mulberry  trees 
for  feeding  silkworms.  This,  like  all  previous  similar  attempts  to  establish  silk  culture  in  America,  failed. 
The  business  depression  of  1837  saw  its  finish.  But  the  continued  interest  in  silk  of  the  people  of  these  two 
valleys  had  one  important  result.  It  led  them  into  silk  manufacture  as  well  as  raw  silk  production.  Against 
manufacturing  silk  there  is  no  economic  bar  in  America.  Since  it  is  a  machine  industry,  largely  dependent 
upon  the  deftness  of  women  workers,  and  inasmuch  as  America  has  always  provided  a  ready  market  for 
silk  goods,  silk  manufacture  has  thrived. 

The  first  silk  mill  in  America  was  a  twelve  by  twelve  shed  built  at  Mansfield,  Connecticut,  in  1810.  The 
same  men  who  were  interested  in  this  enterprise  constructed  in  1814  a  larger  mill  at  Gurleyville,  Connecticut. 
A  third  mill  was  constructed  at  Mansfield  in  1821,  but  none  proved  practicable.  The  first  silk  manufacturing 
enterprise  to  meet  with  any  degree  of  continued  success  was  that  of  the  IVlansfield  Silk  Company,  formed  in 
1827  and  incorporated  in  1829.  Their  mill  at  Gurleyville  was  maintained  in  production  for  ten  years  and  so  is 
accredited  as  the  first  successful  silk  mill  in  this  country. 
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•he  Whltmarsh  Mill,  1832,  from  L.  P.  Brockett,  The  Silk  Industry  in  America, 
New  York,  1876,  after  a  water  color  by  C.  C.  Burleigh,  Jr. 


THE  SILK  INDUSTRY 
AT  FLORENCE, 
MASSACHUSETTS 
The  beginning  of  the  silk  in¬ 
dustry  at  Florence,  Massachu¬ 
setts,  goes  back  to  1832,  when 
the  old  “Oil  Mill,”  which  for 
over  a  century  had  served  as  a 
gristmill,  was  equipped  under 
the  direction  of  Samuel  Whit- 
marsh  as  a  silk  mill.  In  1834 
Whitmarsh  and  a  group  of  in¬ 
vestors  formed  the  New  York 
and  Northampton  Silk  Company 
and  erected  a  brick  building  to 
supersede  the  old  oil  mill. 
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GROWTH  OF  THE 
NEW  ENGLAND 
SILK  INDUSTRY 
Some  of  the  backers  of  the  ventures  al¬ 
ready  described  reunited  in  a  further 
attempt  at  silk  manufacture  in  the 
early  ’forties.  They  organized  the  Nona- 
tuck  Silk  Company  at  Florence,  taking 
the  name  given  by  the  Indians  to  the 
region.  Under  the  influence  of  social 
revolutionists  such  as  Fourier,  of  tran- 
scendentalists  such  as  Emerson  and  the 
other  Brook  Farm  colonists,  and  of  social 
reformers  such  as  Horace  Greeley,  all  of 
whom  mightily  influenced  the  thought 
and  actions  of  Americans  in  the  ’forties, 
the  original  founders  of  the  silk  business 
at  Florence  intended  to  run  their  enterprise  on  the  communal  basis,  and  for  a  time  the  experiment  was  actually 
tried.  Before  the  Nonatuck  Silk  Company  was  formed,  however,  the  community  idea  had  been  abandoned  and 

this  company  from  its  start  was  the 
same  as  any  other  business  venture. 

From  Mansfield,  Connecticut,  the  silk 
industry  followed  down  the  Willimantic 
valley  to  the  towns  of  Willimantic  and 
New  London.  From  Florence  the  in¬ 
dustry  spread  down  the  Connecticut 
River  valley  to  Northampton,  Holyoke, 
Springfield,  Hartford,  and  South  Man¬ 
chester.  Willimantic  has  since  become 
famous  for  its  thread  manufacture. 
New  London  still  boasts  of  its  silk 
thread  industry,  while  Holyoke  saw  the 
rise  and  success  of  William  Skinner, 
manufacturer  of  satin.  The  early  furor 
for  mulberry  trees  and  silkworms  in  the 
two  river  valleys,  therefore,  while  never 
productive  of  raw  silk,  has  borne  profitable  results  in  silk  manufacture.  At  South  Manchester,  among  the 
farmers  who  were  bitten 
by  the  mulberry  craze 
Avas  one  Cheney.  His  sons 
retained  the  family  in¬ 
terest  in  silk  and  in  1838 
started  the  Mount  Nebo 
Silk  Mills.  By  1841  they 
were  successfully  making 
sewing  silk  and  twist. 

Later  they  added  silk  rib¬ 
bons  and  broad  silks.  To¬ 
day  they  are  among  the 
best  known  silk  producers 
in  America.  The  mills 
cover  twelve  acres  in  an 
attractive  village  with 
model  homes  for  the  em¬ 


from  L.  P.  Brockett,  The  Silk  Industry  In  America, 
New  York.  1876 


ployees. 
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bklnner  Silk  Mills  at  Holyoke, 
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The  Cheney  Mill  at  Manchester,  Conn.,  in  1838,  from  a  drawing  by 
courtesy  of  the  Cheney  Silk  Company 


-  OH 
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Nonatuck  Silk  Mills  at  Florence,  Mass.,  Jrom  L.  P.  Brockett, 
The  Silk  Industry  in  America.  New  York,  1876 
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Silk  Mill  at  Paterson,  N.  J.  ©  Ewing  Galloway 


THE  MODERN  SILK  INDUSTRY 


Although  New  England  has  always  been  an  important  producer  of  manufactured  silks,  leadership  in  the 
industry  has  rested  for  many  years  with  Paterson,  New  Jersey.  It  is  interesting  to  note  that  the  Paterson  silk 
business  was  inaugurated  by  the  same  group  of  men  who  were  concerned  with  the  industry  in  New  England. 

Christopher  Colt,  Jr.,  of  Hartford,  Connecticut,  established  the  first  silk  mill  in  Paterson,  and  in  1840  sold 
this  little  factory  to  G.  W.  Murray  of  Northampton,  Massachusetts.  Paterson  soon  attracted  other  concerns 
and  shortly  became  the  principal  center  of  the  industry.  Paterson’s  supremacy  is  due  partly  to  its  nearness  to 
New  York  City,  both  as  a  market  and  a  port  furnishing  raw  materials,  and  after  its  reputation  was  established, 
to  the  skilled  labor  that  was  attracted  and  held.  Subsidiary  silk  businesses,  such  as  the  use  of  by-products 
or  silk-dyeing  and  the  building  of  silk-making  machines,  have  added  to  Paterson’s  prosperity. 

After  Paterson  was  established  as  the  leader  of  silk  manufacture  in  America,  a  division  of  the  industry  took 
place,  based  on  technical  and  economic  differences.  The  weaving  of  silk  is  a  highly  skilled  process,  but  there 

is  a  preliminary  process  for  which  rel¬ 
atively  unskilled  labor  may  be  used. 
This  part  has  been  split  off  from 
Paterson  and  carried  to  Pennsyl¬ 
vania.  The  region  of  the  anthracite 
coal  mines  in  Pennsylvania,  while 
giving  employment  to  men,  originally 
offered  little  occupation,  outside  the 
home,  to  women.  Silk  mills,  there¬ 
fore,  invaded  the  district  to  take 
advantage  of  the  unused  female  labor 
supply.  As  a  result,  Allentown  and 
Scranton  now  press  upon  Paterson 
for  leadership  in  silk  manufacture. 
Paterson,  however,  still  retains  secure 
hold  upon  the  second  branch  of  silk 
manufacture.  Pennsylvania  special¬ 
izes  in  the  production  of  silk  yarn 
and  narrow  silk,  while  Paterson  con¬ 
centrates  upon  the  manufacture  of 
silk  goods,  especially  broad  silk. 
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Silk  Worker.  Scranton,  Pa.,  from  a  photograph  by  Lewis  W.  Hlne 
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429  Opening  Bales  of  Reeled  Silk  from  Japan,  courtesy  of 

Cheney  Brothers,  South  Manchester,  Conn. 


“THROWING”  SILK 

In  the  manufacture  of  silk  goods  there  are  three 
distinct  stages:  reeling,  “throwing”  and  weaving. 
Reeling  consists  in  unwinding  the  silk  from  the 
cocoon  and  combining  the  filaments  from  a  number 
of  cocoons  into  one  thread.  This  is  a  painstaking 
task  requiring  deftness  and  skill  and  is  generally 
done  in  the  country  where  silk  is  produced. 

“Throwing”  is  a  word  derived  from  the  Anglo- 
Saxon  “thrawan”  which  means  “to  twist.”  It 
is  applied  to  the  preliminary  stages  of  silk  manu¬ 
facture  and  includes  washing,  winding,  doubling, 
twisting,  rewinding  and  spooling  the  silk.  ‘  ‘  Throw¬ 
ing”  corresponds  to  “spinning”  in  the  cotton, 
woolen  and  linen  industries.  The  workers  who 
perform  these  tasks  in  a  silk  mill  are  called 
“throwsters.” 


430  Winding  Silk,  courtesy  of  Cheney  Brothers 


431  Twisting  Silk,  courtesy  of  Cheney  Brothers 


432  Narrow  Silk  Weaving.  ©  Keystone  View  Company 


WEAVING  SILK 

After  “throwing,”  the  silk  is  ready  for  weav¬ 
ing,  which  may  be  do.ne  in  another  mill  or  even 
another  town.  Weaving  is  of  two  classes,  nar¬ 
row  silk  products  and  broad  silk  goods.  “Nar¬ 
row  silks”  are  such  commodities  as  ribbons, 
braid  trimmings  and  the  like.  “Broad  silks” 
are  generally  dress  goods. 

Both  classes  are  woven  on  looms.  A  narrow 
silk  loom  may  weave  a  dozen  different  ribbons 
at  once,  while  a  loom  devoted  to  broad  silks 
produces  but  one  cloth  at  a  time.  The  result 
is  the  rather  curious  one  that  narrow  silk  looms 
are  often  larger  and  wider  than  the  looms  de¬ 
voted  to  broad  silks. 
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433  Yarn  Dyeing  Machine,  courtesy  of  Cheney  Brothers 


DYEING  SILK 

The  natural  color  of  silk  is  cream,  shaded 
upward  to  white.  All  other  colors  are  ob¬ 
tained  by  dyeing.  This  may  be  done  during 
the  “throwing,”  that  is,  while  the  silk  is 
still  yarn;  or  it  may  await  the  weaving 
process  and  be  done  in  the  piece,  after  the 
goods  are  woven. 

Thus  a  “throwing”  factory  may  have  a 
dye  department  just  as  a  weaving  mill  may 
also  possess  one;  or  the  dyeing  may  be 
done  in  a  plant  that  specializes  in  this  work. 
The  latter  may  dye  either  in  the  yarn  or 
in  the  piece.  The  art  of  dyeing  is  highly 
important  and  requires  great  skill.  This  is 
true  of  all  textile  dyeing,  but  is  especially 
applicable  to  silk  dyeing,  since  the  material 
itself  is  so  valuable  that  spoilage  in  dyeing 
creates  great  loss. 
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Piece  Dyeing  of  Silk,  courtesy  of  Cheney  Brothers 
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435  Spinning  Artificial  Silk,  courtesy  of  the  Viscose  Company,  Marcus  Hook,  Pa. 


THE  SILKWORM’S  SUBSTITUTE 

A  product  so  costly  and  yet  so  popular  as  silk  is  sure  to  have  imitations  and  substitutes.  Most  of  the  imita¬ 
tions  that  have  been  put  on  the  market  have  involved  cotton  treated  in  various  ways  to  resemble  silk.  One 
class  of  substitute  uses  gun  cotton  dissolved  to  a  pulp  and  drawn  through  a  small  eye  with  a  resulting  thread 
that  looks  like  silk.  The  machines  that  do  this  work  in  imitation  of  the  silkworm  are  the  only  parts  of  an 
artificial  silk  mill  that  differ  materially  from  a  factory  using  real  silk.  After  the  silk  is  spun  its  manufacture 
into  yarn  or  cloth  is  the  same  whether  the  silk  is  real  or  artificial.  Where  these  imitations  have  been  sold  with 
the  name  “silk”  included  or  suggested  they  have  done  much  harm  to  the  reputation  of  real  silk;  agitation  has 
resulted  in  giving  a  different  name  to  the  substitute  product.  There  is  a  good  market  and  usefulness  for  a  sub¬ 
stitute  if  it  is  sold  honestly,  although  none  of  the  substitutes  has  the  strength  or  endurance  of  real  silk. 

The  official  name  adopted  for  artificial  silk  is  “  rayon.”  The  business  of  manufacturing  rayon  has  ex¬ 
panded  with  great  rapidity  since  1920,  but  the  demand  for  rayon  has  exceeded  the  supply.  It  appears 
that  rayon  is  accepted  as  a  new  textile  fiber  to  be  added  to  the  familiar  cotton,  wool  or  linen  fibers.  Since 
rayon  is  now  (1926)  in  its  feeblest  infancy,  and  since  it  is  an  artificial  fiber  capable  of  indefinite  chemical 
modification,  the  future  industrial  historian  may  have  many  an  amazing  story  to  tell  concerning  it. 
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Steam  Cotton  Mill,  Salem,  Mass.,  from  a  photograph,  courtesy 
of  the  Essex  Institute 


CHAPTER  IX 


IRON  and  steel  are  so  essential  a  part  of  modern  civilization  that  it  is  difficult  for  us 
to  realize  that  the  needs  of  our  colonial  ancestors  were  easily  supplied  by  small  local 
forges  operated  with  charcoal  fuel.  The  growth  of  commerce  and  shipbuilding  in 
New  England  was  the  first  stimulus  to  the  development  of  an  iron  industry.  Nails,  bolts, 
anchors,  distillery  equipment,  cannon,  shot,  chains,  and  barrel  hoops,  all  required  for 
New  England’s  business,  were  manufactured  in  sufficient  quantity  to  give  to  Massa¬ 
chusetts  for  a  hundred  years  (1650-1750)  the  leadership  in  iron  production. 

After  the  Revolution  a  frontier  market  for  guns,  axes,  plows,  barrel  hoops,  cotton  bale 
bands  and  kettles  caused  a  development  of  iron  manufacture  in  the  limestone  valleys 
that  stretch  almost  continuously  from  Canada  to  Alabama  by  way  of  Lake  Champlain, 
the  Hudson,  the  Lehigh,  Lancaster,  Shenandoah  and  Cumberland  valleys.  In  this  period 
the  districts  of  Salisbury,  Connecticut,  and  Lancaster  County,  Pennsylvania,  were  notable 
as  iron  producers.  A  later  frontier  in  the  neighborhood  of  the  Ohio  valley  created  a 
similar  pioneer  iron  industry,  with  Hanging  Rock  and  Ironton  as  the  smelters  and 
Cincinnati  and  Pittsburgh  as  rolling  mill  centers. 

Soon  after  1840,  with  the  growing  demand  for  iron  for  railroad  construction,  as  well 
as  for  general  industrial  purposes  in  the  East,  the  first  great  iron  industry  in  America 
was  established  near  the  anthracite  coal  fields  in  eastern  Pennsylvania.  Later,  with  the 
use  of  coke  for  fuel  and  lake  ore  for  raw  material,  the  industry  shifted  to  Pittsburgh  and 
its  environs.  To-day  a  diversified  market,  a  growing  export  market,  and  greater  freedom 
from  technical  restrictions  upon  location  combine  to  create  a  scattered  iron  industry 
extending  from  Duluth  to  Baltimore  and  from  Bethlehem  to  Birmingham.  The  changes 
in  markets  and  location  of  the  industry  have  been  accompanied  by  advances  in  technical 
equipment;  shifts  in  the  sources  and  varieties  of  raw  material,  and  advances  in  the 
quality,  quantity  and  diversity  of  the  product. 

Since  the  Civil  War  has  come  the  development  of  cheap  and  dependable  steel.  Steel 
which  once  found  its  most  important  use  in  cutlery  and  tools  is  now  rolled  into  railway 
rails  and  built  into  bridges  thrown  across  great  rivers.  It  has  become  the  framework  of 
factory  buildings  covering  large  spaces  and  of  sky-scrapers  towering  above  city  streets. 
It  has  made  possible  the  intricate  machines  of  the  industrial  era.  America  with  its  vast 
resources  of  iron  ore  together  with  its  great  stores  of  coking  coal  has  become  the  leading 
iron  and  steel  producing  nation  of  the  world. 

Our  preeminence  in  this  industry  has  not  been  due  to  any  outstanding  genius  in  the 
inventions  that  advance  iron  and  steel  manufacture;  indeed,  we  have  invented  com¬ 
paratively  few  of  the  essential  devices  used  in  this  industry.  Credit  for  our  position 
among  the  steel  makers  of  the  world  is  chiefly  due  to  the  quantitative  demands  of  our 
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complex  domestic  market.  The  greatest  single  stimulus  to  American  ironmasters  has 
been  the  vast  requirements  of  American  railroads.  The  rails,  the  engines,  the  cars,  the 
bridges  and  the  buildings  required  to  weave  a  net  of  steel  over  a  continent  have  afforded 
a  market  for  steel  that  no  single  nation  in  Europe  has  equaled. 

To  understand  the  technical  development  of  the  industry  it  is  necessary  to  know  the 
principal  steps  in  iron  and  steel  manufacture.  The  raw  materials  for  making  iron  are 
iron  ore,  limestone  and  fuel.  The  ore  as  it  is  found  in  nature  is  mixed  with  many  other 
substances.  Smelting  reduces  the  ore  to  workable  iron  by  liberating  its  impurities  under 
heat.  The  ancient  forges  did  not  even  melt  the  iron  but  rendered  it  viscous  with  many 
impurities  still  undispossessed.  Thus  it  required  reheating,  hammering,  and  squeezing 
to  render  the  iron  pure  enough  to  be  used.  The  modern  blast  furnace,  on  the  other  hand, 
produces  liquid  (but  not  pure)  iron  ready  for  further  manufacture. 

The  solidified  commercial  product  of  a  blast  furnace  is  called  pig  iron.  This  is  the  raw 
material  for  a  host  of  different  products.  Before  it  can  be  manipulated,  the  pig  is  remelted 
in  a  little  blast  furnace  called  a  cupola.  In  this  process  it  can  be  treated  in  many  varying 
ways  so  as  to  give  iron  with  widely  divergent  qualities.  Coming  from  the  cupola,  the 
melted  iron  may  be  cast  into  many  forms  by  means  of  molds.  The  plant  that  does  this 
work  is  called  a  foundry.  Iron  from  a  blast  furnace  may  be  directly  cast  into  ingots  and 
rolled  into  many  shapes,  or  it  may  be  put  through  a  cupola  before  rolling  just  as  it  is 
for  casting. 

But  iron  is  not  steel:  it  differs  from  steel  in  composition,  and  as  a  result  of  this 
difference  steel  has  qualities  not  found  in  iron.  To  make  steel,  therefore,  pig  iron,  either 
liquid  or  in  solid  form,  must  be  taken  to  a  steel  furnace.  The  latter  may  be  a  Bessemer, 
or  an  open-hearth  or  an  electric  furnace,  all  of  which  are  shown  and  explained  in  later 
pages.  From  the  steel  furnaces  the  product  pours  out  in  liquid  form.  It  is  then  cast  into 
ingots,  which  are  either  rolled  into  bars,  which  are  to  steel  what  pig  iron  is  to  iron,  or  the 
rolling  is  continued  until  a  final  product  is  reached  such  as  rails  or  bridge  forms.  The 
bar  steel  is  sold  to  factories  as  a  raw  material  from  which  scores  of  articles  are  made, 
ranging  from  wheel  spokes  and  screw  drivers  to  burial  caskets  and  locomotive  tires. 

For  especially  fine  steel  articles,  bar  steel  is  again  melted  in  small  graphite  pots  called 
crucibles.  While  molten  it  is  treated  in  a  manner  to  give  whatever  qualities  are  desired. 
The  resultant  “crucible  steel”  is  cast  into  forms  ready  for  further  treatment.  Fine 
cutlery,  high  grade  tools,  watch  springs,  corset  stays,  and  many  other  articles  are  made 
from  crucible  steel.  The  ordinary  iron  and  steel  plant  contains  apparatus  for  changing 
iron  ore  into  pig  iron  and  for  converting  the  latter  into  steel.  A  rolling  mill  to  thin  the 
steel  ingots  into  bars  or  finished  forms  is  also  part  of  the  works.  About  the  grounds  also 
are  grouped  whatever  other  processes  are  incidental  to  these  principal  ones. 

The  story  of  iron  and  steel  is  one  of  the  greatest  tales  in  the  industrial  history  of  the 
United  States.  From  the  humblest  beginnings  to  the  gigantic  plants  of  to-day  has  been 
the  progress  of  less  than  two  centuries.  No  phase  of  the  economic  development  of 
America  better  illustrates  the  courage,  the  persistence,  and  the  capacity  of  the  American 
people  for  large  undertakings. 
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437  Facsimile  from  Ms.  copy  of  the  Court  Book  of  the  Virginia  Company  of  London,  in  the  Library  of  Congress 


AMERICA’S  FIRST  IRONWORKS,  FALLING  CREEK,  VIRGINIA,  1621 
The  American  Indians  knew  nothing  of  iron  and  its  uses  except  as  occasional  bits  of  meteoric  iron  were  un¬ 
earthed.  Iron  in  America,  therefore,  is  contemporary  with  the  white  man.  The  first  discovery  of  iron  was 
made  in  North  Carolina  in  1585.  The  Virginia  colony  sent  iron  ore  to  England  as  early  as  1608,  the  second 
year  of  the  colony’s  existence.  Eleven  years  later,  the  Virginia  Company  sent  a  number  of  skilled  ironworkers 
to  Virginia  who  began  to  build  a  forge  at  Falling  Creek.  In  1621  the  company  appointed  as  supervisor  of 
these  works  “Mr.  John  Berkly  who  in  the  judgement  of  those  that  knowe  him  well  was  held  to  be  very 
sufficient  that  waye  who  did  now  offer  himsellf  to  goe  upon  the  said  service  and  carry  over  with  him  20 
principall  workmen.” 


MASSACRE 
AT  FALLING 
CREEK 

In  1622,  during  the 
general  massacre  of 
the  inhabitants  of 
Virginia  by  the 
Indians,  the  works 
at  Falling  Creek 
were  attacked  and 
utterly  destroyed. 
The  workmen  were 
massacred,  no  one 
escaping  but  the 
young  son  of  John 
Berkly.  This  event 
interrupted  the  at¬ 
tempts  to  manufac¬ 
ture  iron  in  Virginia 
for  about  a  hundred 
years. 


438  From  Munsey's  Magazine,  May,  1906,  after  a  drawing  by  J.  N.  Marcband 
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THE  SECOND  IRONWORKS,  LYNN,  MASSACHUSETTS,  1642 
The  next  important  venture  in  iron  making  was  in  the  colony  of  Massachusetts.  Iron  was  discovered  in 
meadow  land  bordering  the  Saugus  River,  near  Lynn,  about  the  year  1629.  In  1642  an  effort  was  made  to 
stimulate  the  formation  of  a  company  to  exploit  the  ore,  and  samples  were  sent  to  England  as  a  means  of 
interesting  Englishmen  in  the  project.  Eleven  men  raised  among  them  about  five  thousand  dollars  to  start  the 
work.  Among  the  promoters  were  Thomas  Dexter  and  Robert  Bridges,  of  Lynn.  In  1643  John  Winthrop, 
Jr.,  came  from  England  with  workmen  and  raw  materials  and  a  foundry  was  set  up  on  the  west  bank  of  the  Sau¬ 
gus  River  on  land  belonging  to  Thomas  Hudson.  This  was  the  first  successful  venture  in  iron  in  what  is  now  the 
United  States.  A  pot  cast  at  this  forge  (No.  440)  still  exists  and  is  said  to  have  been  the  first  casting  made  in 
America.  Among  the  skilled  workmen  at  the  Lynn  foundry  were  Henry  and  James  Leonard.  They  them¬ 
selves  and  numbers  of  their  de¬ 
scendants  were  connected  with  so 
many  New  England  iron  enter¬ 
prises  that  it  was  said,  “Where 
you  find  ironworks,  there  you  find 
a  Leonard.” 
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THE  TAUNTON  FORGE, 
1652 

The  second  ironworks  of  New 
England  were  established  at  Brain¬ 
tree  in  1646  and  the  third  at 
Taunton,  now  Raynham,  in  1652. 
With  both  of  these  the  Leonards 
were  connected.  The  latter  was  in 
the  hands  of  the  Leonard  family  for 
many  years  and  continued  opera¬ 
tion  until  as  late  as  the  year  1865. 


439  Casting  the  Saugus  Pot,  1642.  from  a  sketch  made  for  the 

Old  Colony  Trust  Company,  Boston 


440  The  Saugus  Pot,  original  In  the  Public  Library, 
Lynn,  Mass. 


441 


Facsimile  from  the  Ledger  ol  the  Taunton  Forge  for  the  year  1711,  in  the 
collection  of  the  Old  Colony  Historical  Society,  Taunton,  Mass. 
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442  Drawn  expressly  for  The  Pageant  of  America  by  Gregor  Noetzel,  based  on  research 

by  H.  M.  Ehrman  and  I.  Oggins 


THE  CENTER 
OF  THE 

COLONIAL  IRON 
INDUSTRY 
The  demand  for  iron 
products  for  ship  gear 
and  shipbuilding,  to¬ 
gether  with  iron  uten¬ 
sils  for  the  preparation 
or  refining  of  articles 
of  commerce,  caused 
many  forges  to  spring 
up  in  eastern  Massa¬ 
chusetts  during  the 
colonial  period.  Be¬ 
tween  1650  and  1750 
this  section  offered  the 
largest  market  for 
American  iron  prod¬ 
ucts.  Many  of  the 
forges  and  bloomeries 
erected  in  this  period 
never  attained  the  dig¬ 
nity  of  being  recorded 
in  local  accounts. 
Others  are  so  deeply 
buried  in  local  records 
as  to  be  unavailable 
until  brought  to  light 
by  the  painstaking 
search  of  some  local 
historian.  The  map, 
therefore,  is  as  com¬ 
plete  only  as  recorded 
material  permits.  The 
ore  used  in  these  fur¬ 
naces  was  obtained  in 


the  bogs  and  swamps  which  were  plentiful  in  eastern  Massachusetts,  particularly  in  Bristol  and  Plymouth 
counties.  There  the  furnaces  were  thickest,  successfully  following  the  lead  set  by  the  Leonards. 


Bristol  County 

1.  Chartley  Ironworks,  bloomery 

1696-ca.  1800 

2.  Hopewell  Ironworks,  bloomery 

1739,  slitting  mill  1775-ca.  1782 

3.  Taunton  Forge,  bloomery  1652- 

1865 

4.  Whittington  Ironworks,  bloomery 

1670.  Replaced  by  cotton  mill 
1807 

5.  Small  forge  at  Taunton  line,  1695. 

Active  through  Revolution 

6.  Forge  ca.  1771  by  Eliphalet 

Leonard.  First  steel  made 
here,  1776 

7.  Brummagen  Forge  at  Easton,  ca. 

1720 -ca.  1850 

8.  Furnace  Village.  First  Works, 

1752.  Iron  making  still  going  on 

9.  Forge  at  Cranberry  Meadows, 

Easton,  1724-1740 

10.  Kings  Furnace,  1724-ca.  1839. 
First  in  colony  to  make  hollow 
ware 


Essex  County 

11.  Saugus  Ironworks,  blast  furnace 

and  refinery  forge,  1643-1688. 

12.  Rowley  Village,  1668-co.  1680 

13.  Amesbury  Ironworks,  1710.  Ac¬ 

tive  through  Revolution 

14.  Georgetown  Ironworks,  1722- 

ca.  1740 

Middlesex  County 

15.  Concord  Ironworks,  1660-ca. 

1700 

16.  Chelmsford  forge,  1706(?)-1865 
Norfolk  County 

17.  Braintree,  1646-1736.  Second  in 

colony 

18.  Slitting  mill  at  Milton,  1710. 

Active  1750 

Plymouth  County 

19.  First  furnace  in  county,  ca.  1702, 

soon  abandoned 

20.  Bound  Brook,  bloomery,  active 

ca.  1703 


21.  Barstow’s  forge,  1720.  Active 

1853  as  Sylvester 

22.  Bardin’s  Ironworks,  1704.  Oper¬ 

ated  to  ca.  1870 

23.  Drinkwater,  1710.  May  have 

operated  through  Revolution 

24.  Holmes  Forge,  1751-cct.  1880 

25.  Forge  at  Lakeville  by  Thomas 

Leonard,  ca.  1700-ca.  1780 

26.  Fall  Brook  Furnace,  1735-ca. 

1800 

27.  Slitting  Mill  at  Middleboro, 

erected  by  Peter  Oliver,  1750. 
Active  to  ca.  1830 

28.  Charlotte  Furnace,  1760-1904 

29.  Pope’s  Point  Furnace,  1733-ca. 

1830 

30.  Gun  Factory  of  Hugh  Orr  at 

Bridgewater,  ca.  1742.  Active 
through  Revolution 

31.  Furnaces  at  East  Bridgewater, 

Captain  Bass,  1727— ca.  1884, 
Keith  furnaces,  ca.  1740.  Ac¬ 
tive  through  Revolution 
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Site  of  the  Colonial  Foundry,  Salisbury,  Conn.,  from  Gleason's  Pictorial,  June  10,  1854 


IRON  IN  THE  LIMESTONE  VALLEYS  OF  NEW  ENGLAND 
Fob  over  a  hundred  years  the  swamp  ore  region  of  eastern  Massachusetts  and  Rhode  Island  was  the  center  of 
the  iron  industry  of  the  colonies.  In  1750  there  began  a  development  in  the  limestone  valleys  of  western 
Connecticut  and  Massachusetts.  The  superiority  of  the  limestone  ore,  together  with  its  accessibility  by  way 
of  the  Hudson,  Connecticut,  or  Housatonic  Rivers,  soon  drew  attention  westward.  In  Massachusetts  the 
center  of  production  was  in  Worcester  and  Berkshire  counties.  In  Connecticut  the  industry  centered  at  Salis¬ 
bury,  in  the  Berkshire  Hills,  the  earliest  works  being  erected  on  lands  that  had  been  granted  to  Yale  College. 
About  thirty  furnaces  were  built  in  the  vicinity  of  Lakeville,  in  Salisbury  township,  before  the  year  1800. 
This  region  played  an  important  part  in  the  production  of  iron  for  the  Continental  army  during  the  Revolution. 
For  this  reason  and  also  on  account  of  the  superior,  almost  steel-like,  qualities  of  the  ore,  Salisbury  iron  was 
famous  in  America  for  many  years.  The  Salisbury  iron,  too,  encouraged  the  manufacture  of  firearms  at  Spring- 
field  and  New  Haven.  One  of  the  first  government  arsenals  still  stands  at  Springfield.  Hartford  and  Bridge¬ 
port  drew  the  skilled  arms  makers  of  these  older 
manufacturing  centers  when  they  later  began  to 
make  revolvers. 

SPREAD  OF  IRON  MANUFACTURE 
TO  NEW  YORK 

In  the  limestone  valley  about  the  Hudson  River 
in  New  York,  iron  manufacture  became  an  im¬ 
portant  industry  after  1750.  The  first  iron¬ 
master  of  this  province  was  Philip  Livingston, 
the  great  manor  lord.  In  1736  he  had  built  a 
furnace  at  Lime  Rock  in  Connecticut,  and  in 
1740  he  set  up  a  furnace  at  Ancram  Creek, 
Columbia  County,  New  York.  In  1750  in  New 
York  a  vein  of  magnetic  iron  ore  was  discovered 
on  Sterling  mountain,  named  after  Lord  Sterling, 
the  owner  of  the  land,  himself  an  iron  manufac¬ 
turer  in  New  Jersey  before  the  Revolution  and  a 
general  in  the  Continental  army.  There  were 
two  iron  establishments  near  Sterling  mountain 
using  the  Sterling  iron  for  anchors  before  Hawx- 
hurst,  whose  advertisement  published  in  1764 
is  shown  here,  entered  the  business. 

444  An  Advertisement  of  a  New  York  Ironmaster,  from  The  New  York 
Gazette  or  Weekly  Post-boy,  August  16,  1764 


W.  Hawxhurft, 


STILL  carriet  on 
the  Sterling  iron 
work*  and  give*  the 
ieft  encouragement  for 
founder*,  miner*,  mine- 
bumert,  pounder*,  snd 
furnace  filler*,  banks¬ 
men,  and  flock  taker*, 
finer*  of  pig,  and 
drawer*  of  bar  ;  fmiths, 
and  anchor  fmithi, 
carpenter*,  collier*, 
wood  carter*,  and  com¬ 
mon  labourer*  t  The* 
will  be  paid  ready  eafh  for  their  labour,  and  will  be  fupplied  with 
provifion*  there,  upon  the  beft  term*. 

N.  B.  Said  Hawxhurft  continues  to  fell  pig,  bar  iron,  and  an¬ 
chor*,  which  he  makes  of  any  weight  under  3500,  and  at  he  has  by 
him  a  confiderable  quantity  of  anchor*,  he  would  fell  them  by  the 
ton,  to  retailer*  or  exporteri  at  a  lower  price  than  the  importer!  from 
Europe,  or  the  neighbouring  colonic*  ;  be  ha*  alfo  cart,  waggon  and 
chair  tire;  which  he  (ellton  the  mod  reafonable  terms  for  cafh,  or 
Connedlicut  Proclamation  bill*.  He  alfo  will  take  old  and  caft  by 
anchor*  in  part  of  pay  for  new  one*,  in  proportion  aa  they  are  in 

Value.  «. * 
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IRON  IN  THE  SOUTHERN 
LIMESTONE  VALLEYS 
The  geographic  continuation  of  the  lime¬ 
stone  valleys  through  New  Jersey,  Pennsyl¬ 
vania,  Maryland,  and  Virginia,  gave  rise 
to  iron  manufactures  in  all  these  places  at 
the  time  of  the  Salisbury  and  New  York 
enterprises.  The  Principio  Company  of 
Maryland  and  Virginia,  which  is  supposed 
to  have  manufactured  this  plate,  has  an 
interest  of  its  own.  Named  from  Principio 
Creek,  an  affluent  of  Chesapeake  Bay,  the 
company  after  many  preliminary  disap¬ 
pointments  put  its  first  furnace  in  blast 
in  1724  and  started  a  forge  in  1725.  The 
Principio  Company  eventually  built  and 
owned  several  ironworks  in  Maryland  and 
Virginia,  among  them  one  on  the  property 
of  Captain  Augustine  Washington,  the 
father  of  George  Washington.  Immediately 


FIreback  said  to  have  been  made  by  the  Principio  Company,  In  the 
collections  of  the  Maryland  Historical  Society 


prior  to  the  Revolution,  the  Principio  Company  was  the  largest  single  iron  manufacturer  in  America,  the  owner 
of  four  furnaces,  two  forges,  thirty  thousand  acres  of  land  and  a  great  number  of  slaves  and  live  stock.  It  is 
said  that  half  the  pig  iron  exported  to  Great  Britain  before  the  Revolution  came  from  the  furnaces  of  this 
company.  The  enterprise  was  broken  up  during  the  Revolution  and  the  land  distributed  to  patriots  but  some 
of  the  sites  of  the  original  furnaces  are  still  the  seats  of  iron  and  steel  manufacture. 


IRON  IN  COLONIAL  PENNSYLVANIA 

As  in  the  other  colonies,  the  Pennsylvania  ironworks  were  crude.  A  few  exceptional  ironmasters,  mostly 
Germans,  introduced  an  artistic  touch  into  their  work  which  distinguished  it  from  that  of  the  other  ironworkers 
of  the  country.  This  plate  was  made  by  Thomas  Rutter,  who,  about  the  year  1716,  established  the  first 

successful  ironworks  in  Pennsylvania.  The  enter¬ 
prise,  erected  on  Manatawny  Creek,  was  called  Pool 
Forge.  Colebrookdale  Furnace  was  erected  in  1720 
as  an  addition  to  Pool  Forge.  Rutter’s  descendants 
as  well  as  those  of  his  partner,  John  Potts,  are  still 
interested  in  iron  manufacture  in  Pennsylvania. 


446  A  Stove  Plate  Cast  by  Thomas  Rutter,  in  the  collections 
of  the  Pennsylvania  Museum,  Memorial  Hall,  Philadelphia 


“THE  DEATH  OF  ABEL,”  1741 
That  artistic  iron  making  was  not  confined  to  a 
single  individual  is  proved  by  another  stove  plate 
(No.  447)  produced  at  the  Durham  furnace  erected 
in  Bucks  County,  Pa.,  in  1727.  Biblical  scenes 
were  favorite  subjects  for  art  in  iron. 


447 


From  the  collections  of  the  Pennsylvania  Museum 
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STOVE  CAST  BY  BARON  STIEGEL,  1759 
One  of  the  interesting  characters  engaged  in  iron  making,  in  what  was 
then  western  Pennsylvania,  was  Baron  Stiegel.  His  ironworks  were 
part  of  the  incidental  equipment  of  his  estate».,operated  after  the 
fashion  of  a  German  barony.  Among  the  many  stories  told  about  him 
is  that  he  commanded  his  ironworkers  and  other  dependents  to  line 
the  way  to  his  house  whenever  he  returned  to  it  after  an  excursion, 
and  to  greet  him  with  music  and  “hochs.”  Although  his  ironworks 
became  famous  in  Pennsylvania,  the  Baron  proved  a  poor  business 
man,  and  the  works  were  eventually  forced  to  close. 


449 


From  an  engraving  by  Cornelius  Tiebout  ( ca .  1777 -ca.  1830),  after  a  drawing 
by  Strickland  (1787-1854) 


VALLEY  FORGE  IN  1812 

Among  the  many  valley  furnaces  in  colonial  Pennsylvania  those  that 
gave  the  name  to  Valley  Forge  have  a  unique  place  in  American 
history.  These  early  iron- 


448  From  the  original  owned  by  the  James 
Spear  Stove  and  Heating  Company,  Philadelphia 


masters  building  their  stone 
furnaces  little  thought  that  in 
their  valley  would  be  enacted  one  of  the  great  tragedies  of  American 
national  history,  and  that  the  name  which  their  activities  gave  to  the 
region  would  come  to  symbolize  supreme  patriotic  devotion. 

REGULATION  OF  COLONIAL  IRON  MANUFACTURE,  1750 
Meanwhile,  the  progress  of  iron  manufacture  in  America  was 
watched  with  anxiety  by  the  ironmasters  of  Great  Britain.  As  early 
as  1719,  frightened  by  the  few  furnaces  then  existing  in  Massachusetts, 
they  attempted  to  have  a  law  passed  prohibiting  the  manufacture  of 
iron  in  America.  At  the  time  the  attempt  was  unsuccessful  but  with 
the  growth  of  sentiment  in  favor  of  protection  of  British  industries 
and  with  the  increase  of  competition  from  American  sources,  the 
demand  for  regulation  was  renewed.  In  1750  it  resulted  in  the  passing 
of  a  law  by  Parliament  which  prohibited  the  erection  of  any  more 
rolling  mills,  slitting  mills,  tilt  hammer  forges,  or  steel  furnaces.  Bar 
iron,  the  raw  material,  could  still  be  made  in  America  and  taken  to 
England  duty  free,  but  importation  was  limited  to  the  port  of  London. 
Before  the  knowledge  of  coke  smelting  in  England  the  numerous 
forests  in  America  gave  the  colonists  a  resource  for  making  the  raw 
iron  not  possessed  by  their  British  cousins. 


Anno  vieefitno  tertio 


Georgii  II.  Regis. 


An  Act  to  encourage  the  Importation  of  Pig 
anil  Bar  Iron  from  His  Majefty's  Colonies  in 
America;  and  to  prevent  the  Ereflion  of 
any  Mill  or  other  Engine  for  Slitting  or 
Rolling  of  Iron;  or  any  Plateing  Forge  to 
work  with  a  Tilt  Hammer  ;  or  any  Furnace 
for  making  Steel  in  any  of  the  faid  Colonies. 

.{Jctets  tie  Jmpoitation  of  "Bat  Preamble- 
Ston  from  lpis  apaieOp's  Colo- 
nies  in  America,  into  tie  £>ojt 
of  London.  anD  tie  3mpo)ta- 
rion  of  ipig  3ton  from  tie  Cam 
Colonies,  into  anp  lpojt  of 
Great  Britain,  an»  tie  <@amj‘ 
fattute  of  tuei  "Bat  ana  pig 
3con  in  Great  Britain,  toifl  be  a 
great  Ctmantage  not  only  to 
tie  0ria  Colonies,  but  alfo  to 
tiis  Klngoom,  ip  fUmtiimg  tit 
Manufadurers  of  Jeon  toiti  a  ®upplp  of  ttat  utetut 
ano  netcaatp  Commoolty,  ani  bp  ajeans  tobertof  large 
eums  of  asontp.  notn  annuailp  paio  foi  Jton  to  .fo¬ 
reigners,  toill  be  faoeo  to  tils  BtingDom,  ano  a  greater 
duantitp  of  tie  Mioollrn.  anD  otier  Manufactures  of 
6  IP  a  Great 
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By  the  HONOURABLE 

JAMES  MILTON. \  Efq; 

Lieutenant  Governor,  and  Commander  in  Chief,  of  the  Province  of 
ZMam oZ™*’  and  Countie8  of  Scwcafile,  Kent  and  Suflcx,  on 

A  PROCLAMATION. 

WHUE  PwEAS.  an  Aa  of  Parliament,  paffed  in  the  Twenty-third  Year  of 

rus  Majefly  8  Reign,  cntituled,  An  A3  to  encourage  tbe  Importation  of  Pig. 
\Er*mh»  frorn  &is  Majefiy  S  Colonies  in  America,  and  to  prevent  tbe 

7% h"**”’  f"  "r  nf"S  °flIr0e  T  a”y  f,J'- 

r.;j  r*  t  •  -  a  Hammer,  or  any  Furnace  for  making  Steel  in  anv  of 

ttt  gfer'of"  “  f^at  from  and  after  the  Twcnty-fourth^Day  of 

...  fnf  ^%^ranCI-,hTdNot 

,  b?of  Engines,  Forges  and  Furnaces,  in  the  faid  Colony.”  To  the  End  therefore 
that  I  may  be  the  better  enabled  to  obey  the  Diredions  of  the  faid  Ad,  I  have  thought 
fit,  with  the  Advice  of  the  Conned,  to  iffue  this  Proclamation,  hereby  enjoining  and 
requutng  the  Proprietor  or  Propnetors,  or  in  cafe  of  their  Abfence,  the  Occunicrs  of 
any  of  the  above-mentioned  Mills,  Engines,  Forges  and  Furnaces,  eroded  within  this 
Province,  to  appear  before  Me,  at  the  City  of  Philadelphia,  on  cr  before  the  Twenty. 
hritDayof  Septpnber  next,  with  proper  and  ample  Tefiimonials  of  the  Rights  of 
fuch  Proprietor,  Proprietors  and  Occupiers  therein,  and  Efficient  Proofs  whether  The  faid 
Mills,  Fngincs,  Forges  and  Furnaces  refpedhvely,  were  ufed  on  the  faid  Twenty -fourth 
Day  of  June,  or  not :  And  I  do  further  hereby  require  and  command  the  Sheriff  of 
every  County  in  this  Province  refpeaively,  on  or  before  the  faid  Twenty-firft  Day  of 
September ,  to  appear  before  Me  at  the  City  of  Philadelphia  aforefaid,  and  then  and 
there  by  Writings  under  their  Hands  and  Seals,  to  certify  and  make  known  to  Me,  every 
Mill  or  Engine  for  flitting  and  rolling  of  Iron,  every  plating  Forge  to  work  with  a  Tilt 
Hammer,  and  eveiy  Furnace  for  making  Steel,  which  were  ereded  within  their  fevcral 
and  rcfpcdive  Counties,  on  the  faid  Twenty-fourth  Day  of  June,  and  the  Place  ar.d 
Places  where  the  fame  were  ereded,  with  the  Names  of  their  reputed  Proprietor  or 
Propnetors,  and  the  Occupiers  of  them,  and  every  of  them  ;  and  whether  they  or  any  of 
them  were  ufed  on  the  faid  Twenty  fourth  Day  of  June,  or  not,  as  they  and  each  of 
them  will  anfwer  the  contrary  at  their  Peril. 

GIVEN  under  my  Hand,  and  the  Great  Seal  of  tbe  Province  of  Pennfylvar.ia,  at 
Philadelphia,  this  Sixteenth  Day  of  Auguft,  in  the  Twenty -fours!,  Tear  of  the  Reign 
of  our  Sovereign  Lord  GEORGE  tbe  Second,  King  v/Great-Britain,  France  and 
Ireland,  &5*  c.  and  in  tbe  Tear  of  our  Lord ,  1750. 

By  His  HONOUR*.  Commwd, 

Richard  Piters,  Secretary 


JAMES  HAMILTON. 


GOD  Save  the  KIN  G. 


PHILADELPHIA:  Primed  by  B.  Frankum,  Primer  to  the  Province.  Mdccl. 


A  COLONIAL  GOVERNOR  FORBIDS 
SLITTING  MILLS 

The  law,  while  forbidding  the  erection  of  further 
rolling  and  slitting  mills,  permitted  the  continuation 
of  those  already  in  existence  but  required  that  a  list 
of  them  be  made  and  sent  to  England.  As  a  result, 
the  various  colonial  governors  issued  proclamations, 
requiring  ironmasters  to  register  and  also  commanding 
obedience  to  the  terms  of  the  law.  The  proclamation 
of  Lieutenant  Governor  Hamilton  of  Pennsylvania 
hears  the  imprint:  “Printed  by  B.  Franklin,  Printer 
to  the  Province,  MDCCL.” 

A  MASSACHUSETTS  SLITTING  MTU, 
FOR  SALE,  1753 

The  list  of  slitting  mills  in  operation  in  1750  made 
out  by  the  Governor  of  Massachusetts  in  obedience  to 
this  act  contained  four  names.  One  of  these  was  that 
of  the  slitting  mill  at  Milton.  The  existence  of  the 
mill  prior  to  1750  explains  why  it  could  be  advertised 
openly  for  sale  in  1753.  Other  mills,  however,  were 
erected  and  operated  in  defiance  of  the  law. 


ADVERTISEMENTS. 

<7*0  be  /old,  together  or  feperately ,  tbe  following  Eftate 

fituate  on  NepOofct  Rinser,  in  Milton  ;  a  Jlitsing-Mill  for  the  fitting 
af  Rod-Iron,  vaitb  all  the  Accommodations  and  Vt infill  therein  belonging  : 
The  Situation  and  Accommodation  on  very  convenient  for  almofi  any  Mill 
’whatever  :  A  targe  towelling  Hssufc  near  the  Road,  vue/l  fituated  and  ac¬ 
commodated  for  a  Tavern,  with  eu  much  Land  ( net  exceeding  twenty  from 
Aartt)  or  at  f mall  a  Quantity  at  the  Pstrchafer  Jhall  cbestfe  _•  Alfa  three 
J mail  Building t  or  Shops,  •which  may  eoJUy  he  removed.  Enquire  ef  Edward 
Jackfon.  and  knotw  further. 


451 


From  a  broadside,  1750,  In  the  Historical  Society  of 
Pennsylvania 


452  From  tbe  Boston  Evening  Post,  Dec.  17,  1753 

THE  IRONMASTERS  IN 
THE  REVOLUTION 

As  a  consequence  of  these  prohibitions  the  ironmasters 
of  America  were  among  the  earliest  promoters  of  dis¬ 
affection  against  the  English  government.  The  Revolution  was  largely  the  product  of  prohibitions  of  manu¬ 
facture  and  trade  and  the  American  ironmasters  played  an  honorable  part  in  the  ultimate  victory  of  the 
colonial  forces.  Considering  the  importance  of  iron  in  war  it  is  possible  to  speculate  on  what  would  have 
been  the  results  of  the  Revolution  had  there  not  existed  a  thriving  iron  industry  in  the  colonies  at  the  time 
war  broke  out.  Even  as  it  was,  the  colonial  troops  suffered  from  lack  of  munitions.  The  Cornwall  (Pa.) 
furnace,  built  in  1742,  was  one  of  the  important  ironworks  of  colonial  Pennsylvania. 


Cannon  and  Shot  Cast  at  tbe  Cornwall  (Pa.)  furnace,  1776,  courtesy ‘of  tbe  Pennsylvania  Society  of  the  Colonial  Dames  of  America 
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454 


From  a  photograph  in  the  possession  of  James  Rogers,  Ausable  Forks,  N.  Y. 


OLD  IRONWORKS,  CHAMPLAIN  DISTRICT,  NEW  YORK 
After  the  Revolution  the  development  of  the  iron  industry  continued.  In  the  northern  limestone  valleys 
the  most  notable  development  was  that  of  the  Champlain  district  in  New  York  state.  A  beginning  had  been 
made  in  the  exploitation  of  this  section  during  the  colonial  period. 

This  development  received  a  stimulation  about  the  year  1800  and  a 
still  greater  one  in  1825  as  a  result  of  the  building  of  the  Erie  Canal 
and  the  opening  up  of  the  vast  hinterland  of  western  New  York  and 
the  Great  Lakes  region.  The  iron  of  this  area  was  manufactured  for 
a  surprisingly  long  time.  At  least  one  plant  continued  to  produce 
until  1890.  This  long  duration  was  partly  the  result  of  the  excellence 
of  the  iron  and  partly  due  to  the  availability  of  forests  for  the  manu¬ 
facture  of  charcoal,  the  fuel  used  in  making  the  iron. 

FIRST  FURNACE  WEST  OF  THE  ALLEGHENIES,  1790 
The  main  current  in  the  development  of  iron  manufacture  after  the 
Revolution  was  not  northward  but  westward,  following  the  pioneer 
trail  into  western  Pennsylvania,  Kentucky,  and  Ohio.  The  first 
furnace  west  of  the  Alleghenies  was  built  in  1790  on  a  little  stream 
that  became  known  as  Jacob’s  Creek,  an  affluent  of  the  Youghioglieny. 

This  frontier  venture  was  named  the  Alliance  Ironworks;  its  ruins 
may  be  seen  to  this  day. 

UNION  FURNACE,  HANGING  ROCK,  OHIO,  1826 
Of  the  many  early  scattered  iron  enterprises  west  of  the  Alleghenies  those  that  centered  at  Hanging  Rock  and 

Ironton  became  the  most 
important.  As  immigra¬ 
tion  first  came  by  way 
of  Kentucky  the  earliest 
furnaces  in  the  Hanging 
Rock  district  were  on  the 
south  side  of  the  river. 
The  first  furnace  of  this 
neighborhood  on  the  north 
bank  of  the  Ohio  was 
Union  Furnace,  built  in 
1826-27  by  John  Means, 
John  Sparks,  and  Jaijies 
Rogers.  The  furnace  at 
first  made  only  three  or 
four  tons  of  iron  per  day. 


456  From  Henry  Howe,  Historical  Collections  of  Ohio,  Cincinnati,  1847 


455  From  the  Report  of  the  Pennsylvania 
Department  of  Internal  Affairs, 
Harrisburg,  1894 
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THOMAS  W.  MEANS,  1803-90,  PIONEER 
OF  HANGING  ROCK 

Thomas  Williamson  Means  was  clerk  and  store¬ 
keeper  for  the  Union  Furnace  while  his  father,  John, 
was  building  it,  and  had  the  honor  of  first  firing  it. 
In  1837  he  became  the  half  owner  of  Union  Furnace 
and  kept  it  in  operation  until  1885.  He  built  or  was 
interested  in  at  least  six  other  furnaces  in  Ohio  and 
Kentucky.  He  made  experiments  with  the  hot 
blast,  and  soon  after  1828  equipped  the  old  Union  for 
hot  blast  service,  probably  the  second  installation  in 
America.  No  man  did  more  for  the  Hanging  Rock 
district,  and  no  man  was  longer  engaged  or  more 
extensively  or  directly  concerned  with  the  growth  and 
prosperity  of  the  Ohio  valley  iron  industry. 


458  From  a  photograph,  1890,  in  the  possession  ol 

Mrs.  Julius  Anderson,  Ironton,  O. 


JOHN  CAMPBELL’S  FAMOUS 
HECLA  FURNACE 

The  Hecla  Furnace,  one  of  the  properties  of  John 
Campbell  in  the  Hanging  Rock  area,  was  famous  for 
the  quality  of  its  iron.  Its  output  was  not  only  in 
demand  for  machinery  and  car  wheels  but  also  for 
ordnance.  Guns  and  armor  plate  made  from  Hecla 
iron  were  used  during  our  Civil  War  and  in  the 
Crimean  War.  The  celebrated  gun  known  as  the 
“Swamp  Angel”  of  Charleston  harbor  was  cast  from 
Hecla  iron. 


457  From  the  portrait  in  possession  of  the  family 


JOHN  CAMPBELL,  1808-91,  FOUNDER 
OF  IRONTON 

John  Campbell,  like  John  Means,  illustrates  the 
westward  migration  of  families.  His  ancestors  moved 
generation  by  generation  from  Scotland  to  Ireland,  to 
Virginia,  to  Kentucky,  and  to  Ohio,  where  John 
Campbell  was  born.  Campbell  became  identified 
with  the  Hanging  Rock  iron  district  in  1834  and  was 
one  of  the  first  American  ironmasters  to  use  the  waste 
gases  from  a  furnace  to  run  boilers,  and  also  the 
first  to  operate  a  furnace  with  a  hot  blast.  Campbell 
organized  and  became  the  president  of  the  Ohio  Iron 
and  Coal  Company,  which  bought  the  land,  planned 
and  built  the  town  of  Ironton,  near  Hanging  Rock. 


459  From  Henry  Howe,  Historical  Collections  of  Ohio,  Centennial 
edition,  Cincinnati,  1904,  after  a  drawing  by  J.  N.  Bradford 
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460  From  a  contemporary  woodcut  in  the  collections  of  the  Historical  and  Philosophical  Society  of  Ohio,  Cincinnati 


AN  EARLY  STEEL  PLANT,  CINCINNATI,  1832 
Cincinnati,  the  immigrant  gateway  to  the  frontier  and  for  fifty  years  the  largest  inland  city  in  America,  was 
an  admirable  location  for  an  iron  industry.  Lacking  ore,  Cincinnati  depended  upon  the  Hanging  Rock  district 
for  pig  iron  which  was  converted  into  iron  tools,  utensils,  stoves  and  the  like  in  the  foundries  and  rolling  mills 
of  the  city.  Iron  working  early  became  one  of  the  leading  activities  of  Cincinnati.  Next  to  Cincinnati  the 
best  location  for  frontier  iron  industry  was  Pittsburgh,  which  used  pig  iron  from  Juniata  and  the  upper  reaches 
of  the  Monongahela  River.  The  first  rolling  mill  appeared  in  Pittsburgh  in  1812,  and  thereafter  until  1859  all 
of  Pittsburgh’s  interest  in  iron  manufacture  was  in  the  secondary  processes  of  converting  pig  into  useful  articles. 


461  The  Lehigh  Crane  Ironworks,  from  M.  S.  Henry,  History  of  the  Lehigh  Valley ,  Easton,  Pa.,  1860,  after  an  ambrotype  by  P.  H.  Osborn 


INTRODUCTION  OF  ANTHRACITE  IRON,  1840 
During  the  period  of  westward  migration,  the  East  was  also  becoming  more  thickly  settled,  new  manufacturing 
enterprises  using  iron  machinery  were  multiplying  rapidly,  public  works  were  being  pushed  forward  extensively, 
and  railroads  were  demanding  increasing  quantities  of  iron.  All  these  factors  combined  to  stimulate  increased 
production  by  eastern  iron  manufacturers.  The  gradual  failure  of  charcoal  fuel  fixed  attention  upon  substitutes 
and  eventually  anthracite  coal  proved  itself  a  satisfactory  fuel.  Fortunately,  the  anthracite  mines  were  almost 
in  the  center  of  the  eastern  iron-consuming  market,  and  canals  from  the  mines  to  tidewater  made  transporta¬ 
tion  easy.  The  Great  Valley  iron  and  lime  deposits  were  close  to  the  anthracite  fields,  and  from  1855  to  1875 
iron  smelted  with  anthracite  formed  the  largest  part  of  iron  production  in  America.  The  first  plant  to  manu¬ 
facture  iron  successfully  with  anthracite  was  the  Lehigh  Crane  Ironworks,  established  in  1840  at  Catasauqua, 
Pennsylvania,  by  David  Thomas,  the  founder  of  the  American  anthracite  iron  industry. 
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THE  LACKAWANNA  STEEL  COMPANY 
AT  SCRANTON 

Ihe  most  famous  of  the  steel  companies  that  used 
anthracite  as  fuel  was  the  Lackawanna  Steel  Com¬ 
pany.  The  original  plant  of  this  company  was  located 
directly  over  anthracite  coal  mines  at  Scranton,  Penn¬ 
sylvania.  The  present  works  are  at  Buffalo,  New  York. 
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Jones  &  Laughlin’s  American  Works  at  Pittsburgh,  from  the 
History  of  Allegheny  County,  Pennsylvania,  Philadelphia,  1876 


PITTSBURGH  IRONWORKS,  1876 
After  1870  the  center  of  the  iron  industry  again 
shifted.  The  main  reason  for  this  was  the  replace¬ 
ment  of  anthracite  coal  by  coke  as  a  fuel  for  the 
manufacture  of  iron.  Since  the  best  coke  was  ob¬ 
tained  at  Connellsville,  near  Pittsburgh,  and  inas¬ 
much  as  coke  could  not  be  shipped  great  distances 
without  breaking  into  dust,  it  was  imperative  for  the 
iron  industry  to  move  near  the  source  of  fuel.  The 
introduction  of  Minnesota  ore,  and  the  changing  of  the  principal  railroad  market  for  iron  from  the  East  to  the 
states  of  the  com  belt  made  the  city  of  Pittsburgh,  for  a  generation,  the  hearth  of  the  nation.  The  development 
of  the  Pittsburgh  industry  came  at  a  time  of  tremendous  national  expansion  in  every  field  of  endeavor.  This 
growth  demanded  iron.  Greater  output  of  iron  was  an  immediate  pressing  necessity.  Output  increased  from 
thirty -five  tons  a  day  in  1860  to  fifty  tons  a  day  ten  years  later.  Within  five  years  this  figure  was  doubled  and 

then  within  five  years  doubled  again.  By  1890  the 
daily  output  was  three  hundred  tons  and  in  1917  a 
furnace  poured  forth  one  thousand  five  hundred  tons 
of  iron  in  a  day. 

One  of  the  most  famous  furnaces,  forced  madly  to 
establish  records  of  output  that  lasted  but  a  few 
hurried  days,  was  the  Lucy  furnace  of  the  Carnegie 
Company.  This  furnace  used  coke,  and  began  its 
record-breaking  career  in  1872.  In  1874,  for  the 
first  time  in  iron-making  history,  it  turned  out  one 
hundred  tons  of  iron  in  one  day.  The  Lucy  furnace 
captured  most  often  the  symbol  of  victory,  a  broom 
fastened  to  the  stack  as  evidence  of  a  clean  sweep. 
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Carnegie’s  Famous  Lucy  Furnace,  from  the  History  of 
Allegheny  County,  Pennsylvania,  Philadelphia.  1876 
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From  a  photograph,  about  1875,  courtesy  of  the  Bethlehem 
Steel  Company,  Bethlehem,  Pa. 


DAVID  THOMAS,  1794-1884,  THE  FATHER  OF  AMERICAN 

ANTHRACITE  IRON 

David  Thomas  was  born  at  Tyllwyd,  South  Wales,  in  1794.  He  early  became 
interested  in  the  semi-anthracite  of  Wales  and  made  many  experiments  in  its 
use  as  a  fuel  for  the  manufacture  of  iron.  His  success  induced  the  Lehigh  Coal 
and  Navigation  Company  to  send  for  him  to  come  to  America  and  make  similar 
experiments  with  their  anthracite  coal.  As  superintendent  of  the  Lehigh  Crane 
Ironworks,  he  is  said  to  have  received  at  first  a  salary  of  but  twenty  dollars  a 
wreek  with  the  promise  of  an  additional  five  dollars  for  each  new  furnace  built. 
Thomas  projected  a  number  of  other  furnaces  in  the  anthracite  region,  and  had 
much  to  do  with  the  development  of  the  iron  industry  here.  He  introduced  the 
“hot  blast”  stove  in  America.  (See  page  190.) 


462  From  a  photograph,  1878,  in 
the  possession  of  the  Thomas  Iron 
Company,  Hokeudauqua,  Pa. 
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THE  IRON  AND  STEEL  INDUSTRY 

Time  has  again  wrought  changes  in  the  steel  industry.  The  by-product  coke  oven  makes  it  possible  to  manu¬ 
facture  coke  anywhere,  and  the  necessity  of  putting  a  furnace  near  a  coking  coal  deposit  no  longer  exists.  Not 
being  shackled  to  a  special  region,  the  iron  and  steel  industry  of  the  country  now  has  its  plants  on  the  shores 
of  the  Great  Lakes  and  on  the  coast  of  the  Atlantic.  They  are  found  as  far  south  as  Alabama  and  as  far  west 
as  California.  The  industry,  however,  is  concentrated  east  of  the  Mississippi  because  there  the  market  is  largest. 
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Courtesy  of  the  United  States  Steel  Corporation,  New  York 


THE  GARY  STEEL  WORKS,  GARY,  INDIANA 
One  of  the  favorite  spots  for  the  manufacture  of  iron  for  the  domestic  market  is  along  the  shores  of  the  Great 
Lakes.  The  domestic  market  has  moved  west  of  Pittsburgh  and  is  now  best  reached  from  the  Middle  West. 
Nearness  to  the  ore  of  the  Great  Lakes  and  the  large  amount  of  space  available  for  physical  expansion  led  to 
the  creation  of  the  great  works  at  Gary,  Indiana,  now  the  largest  in  America. 


468  From  a  drawing  by  Ernest  W.  Spofford,  courtesy  of  the  Bethlehem  Steel  Company 


STEEL  PLANT  AT  SPARROWS  POINT,  MARYLAND 
Iron  and  steel  for  export  or  for  the  eastern  market  can  advantageously  be  manufactured  along  the  Atlantic 
seaboard,  especially  when  the  by-product  coke  is  used  and  ore  imported  from  Cuba  or  Spain.  These  are  among 
the  advantages  of  the  Sparrows  Point  plant  near  Baltimore. 


mr 


4gg  Courtesy  of  the  United  States  Steel  Corporation 


STEEL  WORKS  AT  ESTLEY,  ALABAMA 

In  the  neighborhood  of  Birmingham,  Alabama,  is  found  the  only  superlative  situation  for  an  iron  and  steel 
plant  in  America.  There  alone  the  coal,  iron  ore,  and  limestone  are  found  together.  The  works  at  this  point, 
now  part  of  the  United  States  Steel  Corporation,  send  their  products  throughout  the  Southwest,  into  the 
Atlantic  coast  markets  and  into  foreign  trade. 
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470  Bed  Ore  (left),  and  Melted  Ore  (right),  picked  up  In  the  neighborhood  of  Falling  Creek,  Va..  now  In  the 

Virginia  Historical  Society  Collections 


THE  MINING  OF  IRON 

The  bog  ore  upon  which  the  colonial  furnaces  operated  was  dug  from  swamps  or  shallow  ponds  by  a  man  in  a 
boat  with  an  oyster  rake.  Two  tons  a  day  was  a  large  amount  to  be  gathered.  The  modern  American  iron 
mine  in  Minnesota  scoops  its  ore  with  a  steam  shovel  at  the  rate  of  six  thousand  tons  per  day.  To  expose  the 
ore,  as  much  overlying  soil  and  rock  has  been  removed  from  the  Minnesota  ranges  as  was  dug  to  make  the 
Panama  Canal.  American  iron  mining  is  the  cheapest  mining  in  the  world,  and  the  ores  rank  among 
the  highest.  In  these  facts  is  to  be  found  the  explanation  of  the  world  leadership  of  our  iron  and  steel  industry. 


471  Open-Pit  Iron  Mine,  Minnesota,  courtesy  of  the  Oliver  Iron  Mining  Company,  Duluth 


472  Courtesy  of  the  United  States  Steel  Corporation 


IRON  ORE  DOCKS,  DULUTH,  MINNESOTA 

The  ore  is  brought  by  train  from  the  mines  north  of  Duluth  and  dumped  into  enormous  receiving  docks.  The 
trains  run  on  the  top  of  the  dock  and  the  ore  slides  into  great  bins  below  the  track  level.  These  bins  are  con¬ 
siderably  above  water  level  and  a  chute  from  the  bin  fills  the  ore  boat  by  gravity.  The  boat  then  sails  to  one 
of  the  lower  lake  ports  where  the  ore  is  received  for  the  furnaces. 


TWIN  GIANTS 


189 


473 


Courtesy  of  the  Brown  Hoisting  Machine  Company,  Cleveland,  Ohio 


UNLOADING  AT  CONNEAUT  ON  LAKE  ERIE 
The  ore  boats  loaded  by  gravity  at  Duluth  are  unloaded  by  machinery  at  the  lower  lake  port.  A  long 
steel  arm  projects  over  each  hatch  of  the  boat.  The  arm  is  a  runway  for  a  great  bucket  which  slides  by 
a  cable  from  the  steel  arm  into  the  boat  and  is  filled  mechanically  with  ore.  It  is  then  hauled  up  to  the  arm 
and  runs  back  along  it.  The  traveling  bucket  may  stop  in  the  middle  of  the  arm  and  dump  its  ore  into  a  rail¬ 
way  car  standing  under  the  arm,  or  the  bucket  may  continue  to  the  end  of  the  arm  and  dump  its  load  upon  a 
reserve  pile  from  which  it  will  be  loaded  into  cars  later. 


474  From  The  Growth  of  Industrial  Art,  Washington,  1892 


CRUDE  FORGE  WITH  TROMPE 
The  early  bellows  operated  by  hand  or  foot  furnished 
an  unsatisfactory  draft.  For  a  better  draft  a  trompe 
was  invented.  In  this  device  an  intermittent  flow  of 
water  and  air  into  a  pipe  was  arranged  by  means  of  a 
valve  (A).  The  suction  of  the  water  closed  the  valve 
and  a  spring  on  a  balance  (B)  attached  to  the  valve 
opened  it  again.  The  mixed  air  and  water  was  led 
into  an  air-tight  box  (C)  where  the  air  escaped  under 
pressure  from  the  water  below.  The  air  under  pres¬ 
sure  was  then  conducted  to  the  fire  box  (D)  by 
means  of  a  nozzle.  This  device  was  in  use  for 
centuries  in  Europe. 


A  PRIMITIVE  FORGE 

The  central  interest  in  the  manufacture  of  iron  is  the 
apparatus  which  converts  the  ore  into  metal.  The 
oldest  forges  were  crude  hearths  on  which  the  ore 
was  piled  and  partly  melted  by  the  heat  of  wood  or 
charcoal  combustion.  The  idea  of  a  draft  to  hasten 
combustion  was  soon  applied  to  iron  manufacture 
and  from  this  idea  developed  the  crude  bellows  used 
to  blow  the  early  forge  fires. 


475  From  The  Growth  of  Industrial  Art,  Washington,  1892 
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THE  CATALAN  FORGE 
The  earliest  forges  erected  in  America  showed  but 
little  improvement  over  the  crude  forges  of  Europe. 
One  of  the  commonest  types  was  known  as  the 
Catalan  forge,  which  got  its  name  from  the  province 
of  Catalonia  in  Spain  where  the  forge  was  first  a  com¬ 
mercial  success.  These  crude  forges  survived  in 
isolated  parts  of  the  country  long  after  they  had  been 
replaced  elsewhere  by  more  efficient  forges. 


477  Ruins  oi  a  Cold  Blast  Furnace  built  In  1830,  courtesy  of 
Richard  Peters,  Jr.,  Philadelphia 


THE  HOT  BLAST  FURNACE 
When  David  Thomas  came  to  America  to  introduce 
the  use  of  anthracite  coal  in  the  manufacture  of  iron, 
he  brought  with  him  the  idea  of  the  “hot  blast.”  In 
the  cold  blast  furnaces,  the  air  current  was  introduced 
directly  into  the  furnace  at  the  temperature  of  the 
atmosphere.  The  idea  behind  the  hot  blast  was  the 
utilization  of  the  hot  gases  arising  from  the  smelting 
process  to  heat  the  air  before  it  was  blown  into  the 
furnace.  The  hot  blast  saves  fuel  in  the  smelting 
process  because  none  of  the  furnace  heat  is  used  to 
bring  the  air  to  the  burning  point.  The  earliest 
method  of  heating  the  blast  was  to  collect  the  gases 
in  a  stove  at  the  top  of  the  furnace  and  pipe  the  air 
to  the  blowing  apparatus  while  the  used  gases 
escaped  through  the  chimney.  Note  the  stove 
perched  on  top  of  the  furnace. 


476  Ruins  of  a  Catalan  Forge,  Talladega  Creek,  Alabama,  from  a 
photograph  by  R.  S.  Hodges  of  the  Geological  Survey  of  Alabama 


THE  COLD  BLAST  FURNACE 
The  application  of  water  power  to  the  operation  of  the 
bellows  requires  a  fairly  elaborate  mechanism,  and  its 
application,  although  known  from  European  practice, 
could  not  be  widely  made  until  the  industry  was  fairly 
well  established.  By  1750  water  power  was  being 
generally  applied  in  this  country.  Water-driven 
bellows  enabled  the  ironmaster  to  produce  a  far  better 
draft  than  he  had  ever  been  able  to  secure  with  hand 
bellows.  This  in  turn  enabled  him  to  pile  more  ore 
on  his  furnace  and  so  build  a  higher  and  larger  furnace 
than  before.  This  larger  and  higher  furnace  is  known 
as  the  “cold  blast”  furnace,  as  distinct  from  the  later 
“hot  blast”  furnace, and  by  1788 was  producing  fifteen 
and  one  half  tons  of  iron  a  week. 


478  Ruins  of  a  Hot  Blast  Furnace,  York  County,  Pa.,  courtesy  of 
Richard  Peters,  Jr. 
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*83  8 _ *  8*o _  T870  1876  '  18  92 

From  the  Report  of  the  Pennsylvania  Department  of  Internal  Affairs,  Harrisburg,  1894,  after  a  drawing  by  John  Birklnbine 


THE  DEVELOPMENT  OF  THE  BLAST  FURNACE,  1838-92 
The  development  of  the  furnace  since  the  introduction  of  the  hot  blast  has  been  largely  in  the  direction  of 
increased  capacity.  This  has  been  made  possible  by  adding  to  the  height  and  girth  of  the  furnace,  and  in¬ 
creasing  the  smelting  of  a  correspondingly  large  amount  of  ore. 


480 


Courtesy  of  the  Bethlehem  Steel  Company 


A  MODERN  BLAST  FURNACE 

A  modern  blast  furnace  with  its  accompanying  apparatus  is  a  massive  piece  of  machinery  far  different  in  ap¬ 
pearance  from  the  simple  stacks  from  which  it  originated.  It  is  correspondingly  expensive.  The  smallest 
plant  for  making  iron  or  steel  according  to  modern  practice  requires  an  investment  of  at  least  twenty  million 
dollars.  This  is  one  reason  why  iron  making  is  now  a  large-scale  industry  in  contrast  with  its  small-scale  local 
character  in  the  earlier  part  of  the  nineteenth  century. 
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From  a  model  in  the  Commercial  Museum,  Philadelphia 


HOW  PIG  IRON  IS  MADE 

A  model  of  a  blast  furnace  may  help  clarify  the  process  of  making  pig  iron.  (1)  is  a  railroad  car  bringing  fuel, 
flux  material  and  ore  to  the  trestle  (2)  where  it  is  then  dumped  into  the  storage  bins  (3)  to  (8) .  (9)  is  a  cylin¬ 
drical  furnace  lined  with  fire  bricks  and  usually  about  22  feet  inside  diameter  and  filled  with  a  thick  bed  of  fuel, 
flux,  and  ore  (10)  which  is  introduced  into  the  furnace  by  a  hoist  (11)  and  dumped  into  the  top  at  (12). 

The  hot  gases  given  off  are  taken  away  through  the  pipe  (13)  and  introduced  into  the  stoves  (14)  to  (17) 
having  chimneys  (18)  to  (21).  These  stoves  are  filled  with  fire  bricks  laid  checkerboard  fashion  and  the  heated 
gases  pass  up  through  the  stoves  and  in  so  doing  heat  the  fire  bricks.  After  the  fire  bricks  have  been  thor¬ 
oughly  heated,  the  gas  is  shut  off  and  the  air  is  heated  by  being  drawn  over  the  hot  brickwork.  This  heated  air 
is  then  introduced  into  the  furnace  from  the  pipe  (22).  At  intervals  the  melting  cast-iron  is  drawn  off  at  the 
point  marked  (23)  and  may  run  out  into  the  open  depressions  made  on  the  sand  floor  (24)  and  be  cast  into 
pigs  or  delivered  to  the  mechanical  mixer  (25).  From  the  mixer  it  is  elevated  by  the  crane  (26)  and  poured 
into  the  casting  machine  (27)  which  is  merely  a  long  endless  chain  having  a  large  number  of  forms.  In  the 
forms  the  iron  is  cooled  and  finally  solidified 
and  then  dumped  on  to  the  chute  (28)  and 
finally  into  the  railroad  car  (29) . 

FILLING  A  FURNACE  BY  HAND 
Coal  and  coke,  ore  and  limestone  were  once 
dumped  into  the  top  of  a  blast  furnace  by 
hand  wheelbarrows.  The  task  was  heavy  and 
required  many  laborers.  As  much  water  was 
required  in  making  iron,  most  furnaces  were 
located  on  a  river,  usually  close  to  one  side 
of  the  valley  so  that  the  top  of  the  furnace 
was  nearly  level  with  a  nearby  hill.  It  was 
then  feasible  for  men  to  push  loaded  wheel¬ 
barrows  to  the  top  of  the  furnace.  When  a 
convenient  hill  was  lacking,  a  trestle  equal¬ 
ing  a  hill  in  height  was  made. 
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483  From  a  photograph  taken  in  1881,  courtesy  ol  Richard  Peters,  Jr. 


INCLINED  PLANE  FOR  HOISTING  RAW  MATERIALS,  1881 
Vertical  hoists  first  superseded  hand  dumping  and  where  room  permitted,  the  vertical  hoist  gave  way  to  the 
inclined  plane.  In  one  of  the  early  attempts  in  Pennsylvania  to  use  the  inclined  plane,  loaded  cars  were  hauled 
up  the  plane  and  their  contents  dumped  into  the  top  of  the  furnace. 


484  Courtesy  of  the  Bethlehem  Steel  Company 

MECHANICAL  “SKIP”  FOR  FILLING  A  FURNACE 
In  modern  methods  of  filling  a  blast  furnace,  the  correct  proportions  of  coke,  limestone  and  ore  are  mechanically 
measured  and  dumped  into  a  waiting  bucket  on  wheels  called  the  “skip.”  The  skip  is  then  drawn  up  an 
inclined  plane  to  the  top  of  the  furnace  where  the  contents  are  automatically  spilled  into  the  furnace. 


194 


THE  PAGEANT  OF  AMERICA 


485 


©  Rau  Studios,  Inc. 


CASTING  IRON  IN  SAND 


THE  MODERN  PIG  CASTING 
MACHINE 

The  sand  casting  floor  consumed  both  room  and  time, 
and  modern  industry  generally  uses  a  pig  casting 
machine.  Metal  pig  molds  are  placed  upon  a  moving 
chain  and  red-hot  liquid  iron  poured  into  them.  As 
the  molds  slowly  advance  the  iron  is  cooled  by 
contact  with  the  air  and  sprays  of  water.  At  the 
end  of  the  journey  the  cooled  iron  is  dumped  out  of 
the  molds  by  gravity  into  waiting  railroad  cars. 


After  the  furnace  operation  is  completed  the  liquid  purified  iron  is  drawn  from  the  furnace.  This  operation  is 
called  “tapping.”  According  to  the  old  method  —  and  one  sometimes  now  used  —  the  melted  metal  was  run 
into  a  main  sand  channel,  and  thence  into  smaller  lateral  channels  from  which  it  was  directed  into  rows  of 
open  sand  molds.  The  pattern  made  by  this  arrange¬ 
ment  somewhat  resembled  a  mother  pig  feeding  her 
young,  so  the  cooled  iron  in  the  laterals  was  called 
“sow  iron”  while  the  smaller  chunks  in  the  sand 
molds  were  named  “pig  iron.” 


486  Cooling  Iron  in  Molds.  ©  Keystone  View  Company 
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Drawn  expressly  for  The  Pageant  of  America  by  Gregor  Noetzel,  American  Geographical  Society,  New  York 


FROM  IRON  MINE  TO  FINISHED  PRODUCT 
To  a  novice  the  manufacture  of  iron  and  steel  seems  a  complicated,  planless  repetition  of  processes.  Yet  when 
one  has  visualized  the  whole  manufacturing  story,  it  is  easy  to  see  that  each  process  fits  into  a  proper  sequence 
and  has  an  exact  relation  to  all  other  processes.  The  illustration  shows  that  there  are  three  main  stages  m  the 
production,  one  having  to  do  with  the  blast  furnace  —  reduction  of  ore  —  one  concerned  with  the  making  of 
iron  and  steel  in  crude  forms  and,  finally,  one  that  perfects  the  raw  iron  and  steel  for  more  nearly  usable  pur¬ 
poses.  Blast  furnace,  steel  mill  and  rolling  mill  are  the  three  main  divisions  of  a  steel  plant.  When  we  speak 
of  an  iron  and  steel  plant,  we  mean  one  that  has  these  three  divisions. 
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CUPOLA  FOR  REMELTING  IRON 
The  manufacturer  of  iron  buys  pig  as  his  raw  material.  This  must 
then  be  melted  and  treated  in  a  small  blast  furnace  called  a  cupola. 
A  foundry  always  has  its  own  cupola;  so  also  does  a  plant  manu¬ 
facturing  saws.  Edge  tool  works  are  likely  to  possess  a  cupola,  like¬ 
wise  nearly  all  plants  making  machinery  are  apt  to  have  their  own 
foundry  with  its  cupola. 


490  Remains  of  a  Trip  Hammer  used  at  Hecla  Furnace,  Milesburg,  Pa.,  about  1830, 
from  a  photograph  by  John  H.  McCoy,  Milesburg,  courtesy  of  Richard  Peters,  Jr. 


PUDDLING  PROCESSES 

After  the  introduction  of  blast  furnaces  pig  iron  was  taken  to  a 
puddling  furnace  for  further  manipulation  to  fit  it  for  commercial 
489  courtesy  oi  the  Bethlehem  steel  company  uses.  There  it  was  partially  or  wholly  remelted  and  stirred  (puddled) 
to  purify  it.  It  was  eventually  removed  and  hammered  to  purify  it  still  further.  If  the  hammering  made  it 
too  hard  for  the  purpose  intended  it  was  reheated  to  soften  it.  Just  as  pig  iron  was  the  name  applied  to  either 
the  liquid  or  solid  product  of  the  blast  furnace,  so  the  compact  ball  produced  in  a  puddling  furnace  was  called 
a  “  bloom.”  The  trip  hammer  acted  on  the  bloom  in  order  to  complete  the  work  of  purification  started  in  the 
puddling  furnace. 

The  trip  hammer  at  Milesburg  (No.  490),  which  has  been  long  out  of  use,  is  propped  up  to  indicate  the  way 
in  which  it  was  used.  Raised  by  the  turning  of  the  wheel,  it  was  then  allowed  to  fall  on  the  bloom  placed 
on  the  anvil.  Motion  was  given  to  the  entire  apparatus  by  a  water  wheel.  A  grooved  roll  through  which 
the  puddled  iron  was  run  squeezed  impurities  from  it  and  might  be  substituted  for  the  hammering 
process.  Iron  made  in  this  way  was  called  wrought  iron  and  was  for  years  the  kind  of  iron  employed 

wherever  tenacity  and 
strength  were  required. 
Where  these  qualities  were 
unnecessary  the  iron  as  it 
came  from  the  furnace  or 
cupola  was  poured  into 
suitable  molds,  and  the 
article  made  was  said  to 
be  of  cast-iron. 

Cast-iron,  having  fewer 
manipulations  than 
wrought  iron,  was  cheaper. 
But  it  was  brittle  and 
easily  chipped  or  broken; 
hence,  wherever  these 
qualities  were  undesir¬ 
able,  wrought  iron  was 
prescribed. 


491  Stirring  Iron  in  a  Puddling  Furnace,  courtesy  of  the  Bethlehem  Steel  Company 


TWIN  GIANTS 


197 


SIR  HENRY  BESSEMER,  1813-98, 
INVENTOR  OF  THE  BESSEMER 
CONVERTER 

The  national  expansion  that  followed  the  Civil 
War  not  only  called  for  more  iron  but  cheaper  iron. 
Steel  was  as  well  known  to  ironmakers  as  iron 
itself,  but  the  only  method  of  manufacturing  it 
was  slow,  laborious  and  costly.  The  world 
needed  abundant  cheap  steel.  Sir  Henry  Bessemer, 
an  Englishman,  gave  the  world  what  it  wanted; 
steel  made  in  thirty  minutes  — -  not  three  months 
—  steel  little  more  expensive  than  iron,  steel 
many  times  stronger  than  iron.  Bessemer  solved 
the  riddle  by  pouring  fifteen  tons  of  molten  pig 
iron  into  a  movable  pear-shaped  vessel  and  then 
blowing  hot  air  through  the  mass  for  about 
twenty  minutes.  The  air  combined  with  the 
carbon  in  the  pig  iron  and  passed  out  of  the  iron 
and  the  vessel  in  the  form  of  flames.  When  all 
the  carbon  was  gone  a  measured  amount  was 
restored  to  the  iron.  When  the  melted  mass  was 
poured  into  molds  it  was  no  longer  iron  but  steel. 

Cheap  Bessemer  steel  revolutionized  the  iron¬ 
using  industries.  It  replaced  iron  wherever  great 
strength  was  an  essential,  or  where  resistance  to 
excessive  strain  and  wear  was  demanded.  Thus  it 
supplanted  iron  for  rails,  engine  tires,  bridge  mate¬ 
rials  and  for  various  kinds  of  tools  or  utensils. 


492  From  a  photograph  by  Elliot  and  Fry,  London 
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From  J.  G.  Butler,  Fifty  Years  of  Iron  and  Steel,  Cleveland, 
Ohio,  1918,  courtesy  of  the  Fenton  Press 


WILLIAM  KELLY,  1811-88, 
AMERICAN  INVENTOR  OF  THE 
BESSEMER  PROCESS 
But  the  United  States  had  to  wait  five  years 
before  it  could  use  the  Bessemer  converter; 
lawsuits  stood  in  the  path  of  progress.  In  1856 
when  Bessemer  tried  to  patent  his  process  in  the 
United  States  he  fomid  that  William  Kelly,  an 
American,  had  independently  hit  upon  the  same 
idea  and  his  claim  to  priority  was  sustained. 
Although  Kelly  obtained  patent  monopoly  he 
never  produced  steel  so  successfully  as  Bessemer. 
On  the  other  hand,  the  Kelly  interests  secured 
the  patent  rights  to  the  Mushet  process;  that  is, 
the  process  by  which  a  known  quantity  of  carbon 
is  added  to  the  blown  iron  in  order  to  produce 
steel.  Each  blocking  the  other,  Bessemer  and 
Kelly  at  length  saw  the  wisdom  of  consolidation, 
and  in  1866  the  two  joined  forces.  In  conse¬ 
quence  America  began  a  belated  manufacture  of 
the  much  sought  steel.  In  a  few  years  the  age  of 
steel  had  come  to  America.  The  first  production 
of  Bessemer-Kelly  steel  in  America  is  generally 
conceded  to  have  been  at  Troy,  New  York.  This 
city  at  that  time  was  as  noted  for  its  production  of 
iron  as  it  now  is  for  the  manufacture  of  collars. 
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THE  KELLY  CONVERTER 
To  prove  the  value  of  his  process  Kelly  built  a  con¬ 
verter  at  the  works  of  the  Cambria  Iron  Company. 
His  first  public  exhibition  before  the  employees  of  the 
company  was  marred  by  the  fast  that  the  workmen, 
as  a  joke,  blew  a  tremendous  blast  of  air  into  the 
converter  of  such  strength  as  to  shoot  out  the  entire 
contents  of  the  converter.  A  second  experiment  with 
a  less  vigorous  blast  was  more  successful.  The 
original  Kelly  converter  is  now  located  at  the 
Cambria  plant  of  the  Bethlehem  Steel  Company, 
Johnstown,  Pennsylvania. 


494  Courtesy  of  the  Bethlehem  Steel  Company 


ALEXANDER  LYMAN  HOLLEY,  1832-82, 

AMERICAN  BESSEMER  PIONEER 
Alexander  Lyman  Holley  is  given  credit  for  intro¬ 
ducing  the  Bessemer  process  in  America.  Holley  was 
born  near  Salisbury,  the  old  and  famous  iron  region  of 
western  Connecticut.  His  father  was  a  governor  of  the 
state  of  Connecticut.  Holley  himself  was  a  graduate 
of  Brown  University  and  at  the  age  of  eighteen  had 
written  an  article  on  cutlery  for  Poor’s  Railway 
Journal.  While  still  a  student  he  had  invented  a 
cut-off  for  a  steam  engine.  After  graduation  Holley 
became  a  practicing  engineer  and  an  author  of  works 
on  engineering  topics.  In  1863  Corning,  Winslow 
and  Company  of  Troy,  New  York,  sent  Holley  to  commission 
England  to  learn  the  Bessemer  process  of  steel  manufacture.  When  he  returned  he  had  not  only  learned  the 
process  but  brought  with  him  the  purchased  rights  to  the  American  Bessemer  patents.  Holley  set  up  the  first 
American  Bessemer  plant  at  Troy,  New  York,  and  later  made  many  improvements  in  the  process.  He  also  had 
charge  of  the  erection  of  many  other  Bessemer  works  in  this  country,  and  was  widely  consulted  as  an  authority. 
In  1890,  eight  years  after  his  death,  on  the  occasion  of  the  convention  in  New  York  of  the  world’s  three  great¬ 
est  iron  and  steel  associations,  a  monument  to  Holley  was  dedicated  in  Washington  Square,  New  York. 


49 5  From  the  sculpture,  1889,  by  J.  Q.  A.  Ward  (1830-1910),  in 
Washington  Square,  New  York,  courtesy  of  the  Municipal  Art 


HOLLEY’S  SECOND 
BESSEMER  PLANT 
The  second  Bessemer 
plant  erected  by  Holley 
was  that  of  the  Pennsyl¬ 
vania  Steel  Company, 
near  Harrisburg,  Pennsyl¬ 
vania.  Here,  in  1867,  in¬ 
gots  were  made  which 
went  into  the  first  steel 
rails  rolled  in  America. 
The  rails  were  rolled  by 
the  Cambria  Iron  Com¬ 
pany. 
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From  a  photograph,  1876,  courtesy  of  Richard  Peters,  Jr. 
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A  BESSEMER  CONVERTER 
IN  ACTION 

To  make  steel  by  the  Bessemer  process, 
liquid  pig  iron  is  poured  into  the  converter. 
Then  hot  air  is  blown  through  the  mass.  The 
carbon  of  the  pig  iron  unites  with  the  oxygen 
of  the  air  and  soars  from  the  mouth  of  the 
converter  in  a  hissing,  spitting,  sparkling 
flame.  The  color  of  the  flame  indicates  when 
the  process  is  finished.  When  the  color  has 
shown  that  the  iron  has  been  purified, 
materials  with  a  known  carbon  content  are 
thrown  into  the  converter.  The  addition  of 
this  specified  amount  of  carbon  changes  the 
iron  into  steel.  The  air  is  then  shut  off  and 
the  converter  tilted  so  that  the  steel  may  be 
poured  into  a  vessel  called  a  ladle  or  directly 
into  an  ingot  mold. 

Among  all  the  spectacular  features  of  a 
steel  mill  that  impress  a  visitor,  there  is 
none  that  surpasses  a  Bessemer  converter 
when  it  is  blowing.  In  comparison  with  it 
the  most  gorgeous  Fourth  of  July  fireworks 
are  tame. 


Courtesy  of  the  Bethlehem  Steel  Company 
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Courtesy  of  the  Brown  Hoisting  Machinery  Company,  Cleveland,  Ohio 
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SCRAP  STEEL  FOR  AN  OPEN-HEARTH  FURNACE 
After  twenty -five  years’  use  of  Bessemer  steel  the  market  again  cried  for  a  better  material.  A  manufacturer 
could  never  guarantee  the  content  of  his  Bessemer  steel.  Another  process  of  steel  manufacture  called  the 
open-hearth,  in  which  steel  is  produced  as  a  good  cook  makes  soup,  slowly  and  frequently  tested,  results  in  a 
steel  that  is  absolutely  guaranteed  as  to  content.  Although  the  process  is  slower  and  more  expensive  than  the 
Bessemer,  larger  quantities  of  steel  can  be  made  at  once,  and  the  quality  of  it  assured.  By  1897  railroads  began 
to  turn  to  open-hearth  steel  and  between  1899  and  1904  open-hearth  output  crept  up  and  surpassed  Bessemer. 
To-day  the  Bessemer  process  is  largely  preparatory  for  the  open-hearth  treatment.  The  use  of  both  processes 
together  somewhat  shortens  the  time  taken  for  making  steel  independently  in  the  open-hearth  furnaces. 

The  charge  of  an  open-hearth  furnace  may  consist  of  scrap  steel,  scrap  iron,  coke,  limestone,  melted  pig 
iron  or  blown  Bessemer  steel.  These  are  all  (or  combinations  of  them  all)  mixed  together,  “cooked,”  tested 
and  corrected  with  the  proper  materials  and  eventually  made  ready  for  pouring. 
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499  Filling  an  Open-Hearth  Furnace,  courtesy  ol  the  Bethlehem  Steel  Company 

MAKING  OPEN-HEARTH  STEEL 

W  hen  the  materials  arrive  they  are  put  into  the  door  of  the  furnace  by  an  almost  human  machine.  This 
“charging  machine”  can  move  itself  along  a  track,  push  loaded  cars  full  of  charging  materials  wherever  de¬ 
sired,  lift  the  material  into  the  furnace  and  empty  it  there.  After  the  open-hearth  furnace  has  finished  its 
work,  the  liquid  steel  is  poured  out.  The  open-hearth  furnaces  are  arranged  in  rows  called  “banks.”  The 
raw  material  which  the  charging  machine  feeds  into  the  open-hearth  is  put  in  on  one  side  of  the  furnace.  The 
liquid  stream  of  molten  steel  comes  out  on  the  other. 


Pouring  Side  of  a  Bank  of  Open-Hearth  Furnaces,  courtesy  of  the  Bethlehem  Steel  Company 
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OPEN-HEARTH  STEEL  POURING  OUT  OF  THE  FURNACE 
The  liquid  steel  pours  out  of  the  open-hearth  furnace  into  a  gigantic  bucket  called  a  “ladle.”  A  smaller  vessel 
alongside  the  ladle  is  provided  to  catch  the  overflow  of  slag,  the  liquid  scum  that  floats  on  the  surface  of  the 
steel.  This  slag  was  formerly  dumped  on  to  a  waste  pile  but  of  late  it  is  being  put  to  use  in  the  manufacture  of 
Portland  cement.  Both  the  Bessemer  and  open-hearth  processes  produce  liquid  steel. 


602  Courtesy  of  the  Bethlehem  Steel  Company 


FILLING  INGOT  MOLDS  WITH  LIQUID  STEEL 
The  ladles  filled  with  liquid  steel  are  picked  up  by  a  crane  and  emptied  into  ingot  molds  set  on  cars.  When  all 
the  molds  are  filled  the  cars  are  hauled  into  the  air  to  cool.  When  sufficiently  cool  the  ingot  mold  is  stripped 
from  the  ingot  as  the  skin  is  removed  from  a  banana.  The  ingot  is  then  ready  for  rolling  after  its  heat  has  been 
equalized. 
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Courtesy  of  the  Bethlehem  Steel  Company 


THE  ELECTRIC  FURNACE 
Progress  never  ceases.  Charcoal,  anthra¬ 
cite  and  coke  all  in  turn  have  played 
their  part  in  iron  production.  To-day,  men 
are  again  looking  for  a  better  smelter  of 
ore.  Experiments  have  been  made  with 
electric  furnaces.  These  are  simple  and 
require  fewer  varieties  of  raw  material 
than  a  regular  blast  furnace  or  steel 
furnace;  but  since  their  heat  is  derived 
from  the  resistance  to  an  electric  current 
of  the  material  treated,  the  electricity  must 
be  produced  cheaply  at  especially  favored 
water-power  sites,  or  gained  as  a  by¬ 
product,  in  order  to  warrant  the  use  of  the 
furnace.  Since  electricity  is  as  yet  seldom 
cheaply  produced,  electric  furnaces  for 
smelting  ore  are  not  common.  There  are, 
however,  many  small  electric  furnaces  for 
refining  iron  or  steel  previously  made  by 
the  older  styles  of  furnaces.  The  elec¬ 
tricity  is  produced  as  a  by-product  of  the 
older  furnace  operation. 


504  From  a  drawing  by  the  American  Bank  Note  Company  ior  the  Lukens  Steel  Company.  Coatesville,  Pa. 

AN  AMERICAN  ROLLING  MILL,  ca.  1820 


Rolling  is  a  finishing  process  which  produces  such  articles  as  rails,  bridges,  and  structural  forms.  Before  the 
day  of  steel,  iron  was  run  through  the  rolls  by  hand,  a  heavy,  hot,  and  dangerous  job.  So  many  men  were 
required  to  pass  the  metal  back  and  forth  through  the  rolls  that  the  process  was  expensive.  The  mill  at 
Coatesville,  Pennsylvania,  of  the  Lukens  Iron  Company  was  one  of  the  earliest  rolling  mills  in  the  country. 
Here,  about  1820,  boiler  plates  were  first  successfully  made  in  America. 
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DRIVING  WHEEL  OF  AN  OLD 
ROLLING  MILL 

The  drive  wheel  of  an  old-fashioned  rolling  mill  was 
attached  by  gears  to  a  water  wheel.  The  rolling  mill 
in  which  this  particular  drive  wheel  functioned  was 
attached  to  an  old  charcoal  furnace  at  Milesburg, 
Pennsylvania,  built  about  1830.  Its  ruins  were  still 
in  evidence  until  recently,  recalling  like  so  many  re¬ 
mains  in  northeastern  United  States  a  stage  of  in¬ 
dustrial  advance  that  has  long  since  been  left  behind. 

A  MODERN  ROLLING  MILL 
Modern  rolls  are  driven  by  steam  or  gas  engines  or 
electric  power.  The  passing  of  the  metal  is  done  by 
mechanical  devices.  Men  seldom  touch  the  metal 
itself  but  control  all  its  movements  by  levers  that 
operate  portions  of  machinery.  An  old  rolling  mill 
presented  a  crowded  appearance,  but  a  modern  one 
seems  almost  to  run  by  itself  without  the  inter¬ 
vention  of  human  beings.  The  rolling  mill  has  a 
curiously  empty  aspect,  as  though  great  machines 
alone  were  molding  the  steel  to  their  will.  Nowhere 
can  be  seen  to  better  advantage  the  majesty  of  the 
iron  man. 


505 


From  a  photograph  taken  at  Milesburg,  Pa.,  by 
John  H.  McCoy,  courtesy  ol  Richard  Peters,  Jr. 


Courtesy  of  the  Bethlehem  Steel  Company 
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Lifting  Pots  of  Crucible  Steel  from  the  Furnace,  courtesy  of  the  Bethlehem  Steel  Company 


THE  MAKING  OF  CRUCIBLE  STEEL 

For  articles  requiring  special  or  high  grade  steels,  bar  steel,  one  of  the  shapes  produced  by  rolling,  is  cut  up 
and  put  into  small  pots.  Requisite  materials  are  added  and  the  mass  is  melted  together  at  the  proper  tempera¬ 
ture  for  the  necessary  length  of  time.  The  pots  are  then  lifted  from  the  fire  pit  and  the  mass  is  poured  into 

_ _ _  ... -  forms.  It  takes  a  strong,  active  man  to  lift  these  heavy 

pots.  He  is  wrapped  in  burlap  and  doused  with 
water  as  a  protection  from  the  intense  heat.  This 
product  is  called  crucible  steel,  and  is  generally  manu¬ 
factured  in  a  plant  removed  from  the  main  steel  works. 


SETH  BOYDEN,  1788-1870,  AN  EARLY 
PRODUCER  OF  MALLEABLE  CASTINGS 
To  the  development  of  the  iron  and  steel  industry 
“Yankee”  genius  has  made  its  contribution.  Born  on 
a  farm  and  trained  to  no  trade,  Seth  Boyden  at  differ¬ 
ent  times  during  his  life  was  a  watchmaker,  a  maker  of 
silver-plated  harness  fittings,  a  manufacturer  of  patent 
leather,  an  ironmaster,  a  locomotive  builder,  a  zinc 
refiner,  and  the  propagator  of  an  improved  strawberry. 
Boyden  was  the  first  in  America  to  produce  malleable 
castings.  Among  his  many  inventions  were  a  machine 
for  making  wrought  iron  nails,  another  for  producing 
brads  and  tacks,  a  device  for  splitting  leather,  a  hat 
former  and  improvements  in  harness  manufacture.  In 
Newark,  New  Jersey,  where  most  of  Boyden’s  life  was 
spent,  a  bronze  statue  was  erected  to  his  memory  in 
508  From  a  crayon  port^^a1r|;73-fJi^  tue  Public  Library,  1890,  twenty  years  after  his  death. 


TWIN  GIANTS 


205 


REBECCA  LUKENS,  1794-1854, 

A  PENNSYLVANIA  “IRONMASTER” 
Among  the  most  interesting  of  the  early  ironmasters 
was  Rebecca  W.  Lukens.  Mrs.  Lukens  was  the 
daughter  of  Isaac  Pennock,  a  Pennsylvania  iron¬ 
master  who  changed  a  sawmill  into  an  iron  mill 
which  he  called  the  Brandywine  Mill,  after  the 
creek  upon  which  it  was  located.  Beside  this  same 
creek  is  the  battle  ground  where  General  Washing¬ 
ton  fought  unsuccessfully  to  save  Philadelphia  from 
falling  into  the  hands  of  the  British.  Pennock  left 
his  property  in  the  control  of  Dr.  Charles  Lukens, 
the  husband  of  Rebecca,  who  ran  the  business 
successfully  from  1816  until  his  early  death  in  1825. 
Mrs.  Rebecca  Lukens  then  assumed  full  charge 
of  the  works  and  conducted  them  with  remarkable 
success  for  twenty -two  years.  During  her  man¬ 
agership  boiler  plate  continued  to  be  produced  at 
the  plant.  After  Mrs.  Lukens’  death  the  busi¬ 
ness  fell  to  her  son-in-law.  Dr.  Charles  Huston, 
who  in  honor  of  Dr.  and  Mrs.  Lukens  changed  the 
name  from  the  Brandywine  Rolling  Mill  to  the 
Lukens  Iron  Company.  The  village  created  by 
the  original  mill  has  grown  into  the  city  of  Coates- 
ville,  Pennsylvania,  and  other  ironworks  have  been 
attracted  there. 


510  From  a  photograph  In  the  possession  of  the  publishers 


509  From  the  portrait,  artist  unknown,  In  the  possession  of 

Mrs.  Preston  Thomas,  Coatesvllle,  Pa. 


PETER  COOPER,  1791-1881,  A  GREAT 
IRONMASTER 

Peter  Cooper,  like  Seth  Boyden,  was  a  man  of  many 
interests.  Born  in  New  York  City  in  1791,  he  learned 
his  father’s  trade  as  a  hat  maker.  But  the  father  fre¬ 
quently  changed  his  residence  and  trade  and  Peter 
gathered  experience  as  a  storekeeper,  a  brewer,  and  a 
brickmaker.  Tired  of  his  father’s  vagaries,  he  apprenticed 
himself  to  a  coachmaker,  and  while  working  in  that  trade 
brought  out  his  first  invention,  a  device  for  mortising 
hubs.  True  to  his  father’s  blood,  and  also  to  the  times, 
Cooper  did  not  stick  to  coachmaking  but  tried  himself  as 
a  grocer,  a  glue  manufacturer,  and  an  iron  manufacturer. 
Although  he  prospered  in  all  his  ventures  his  fame  rests 
on  his  success  with  iron.  His  first  works  were  erected  at 
Baltimore  in  1828.  Here  he  built  the  Tom  Thumb 
locomotive  for  the  Baltimore  and  Ohio  Railroad,  the 
first  locomotive  made  and  used  on  a  railroad  in  the 
United  States.  Shortly  afterward  Cooper  sold  his 
Baltimore  holdings  and  removed  to  Trenton,  New  Jersey. 
There  he  was  engaged  in  iron  manufacture  for  many 
years,  and  from  this  business  acquired  the  fortune  that 
enabled  him  to  endow  Cooper  Union  in  New  York;  to 
aid  Cyrus  Field  in  laying  the  Atlantic  Cable;  and  to 
run  for  the  presidency  of  the  United  States. 
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HENRY  BURDEN,  1791-1871,  INVENTOR  AND 
MANUFACTURER 

Henry  Burden,  a  contemporary  of  Boyden  and  Cooper,  was 
born  in  Scotland  and  educated  at  Glasgow  University.  As  a 
youngster  he  invented  a  threshing  machine  and  a  gristmill  for 
his  farmer  father.  Coming  to  America  in  1819,  he  wTas  encour¬ 
aged  to  engage  in  the  manufacture  of  agricultural  tools  at 
Albany.  While  at  this  work  he  invented  an  improved  plow  and 
a  cultivator.  In  1822  he  went  to  Troy  as  superintendent  of  the 
Troy  Iron  and  Nail  Factory.  Here  he  served  as  man  and  master 
for  the  remainder  of  his  life.  Among  his  inventions  was  a 
machine  for  making  horseshoes,  another  for  the  production  of 
railroad  spikes,  and  a  third  for  squeezing  iron.  A  spectacular 
feature  of  his  iron¬ 
works  at  Troy  was 
an  enormous  over¬ 
shot  water  wheel 
sixty  feet  in  diam¬ 
eter  and  twenty-two 
feet  wide. 

SAMUEL  T.  WELLMAN,  1847-1919,  PIONEER  OF 
THE  OPEN-HEARTH  FURNACE 
Samuel  T.  Wellman,  although  born  in  Wareham,  Massachu¬ 
setts,  was  brought  up  in  New  Hampshire,  his  father  being  a 
worker  and  later  an  official  in  an  ironworks  at  Nashua.  Wellman, 
after  an  apprenticeship  in  the  mill  and  at  the  drawing  board, 
first  attracted  attention  by  building  and  installing  for  Richard 
Potts  and  Loring  in  Pittsburgh,  the  first  Siemens  gas  regenerative 
heating  furnace  in  operation  in  the  United  States.  Following 
this  success,  Wellman  in  1870  built  for  the  Bay  State  Iron  Com¬ 
pany,  Boston,  the  earliest  open-hearth  steel  furnace  in  America.  With  this  habit  of  doing  things  first,  Well¬ 
man  again,  in  1886,  for  the  Otis  Iron  and  Steel  Company  of  Cleveland,  built  the  first  basic  steel  furnace  in  this 
country.  In  1894  the  Wellman-Seaver  Engineering  Company  was  formed.  This  company  under  Wellman’s 

presidency  was  a  pioneer  in  the  development  of  handling  ap¬ 
paratus  for  steel  mills.  Among  them  were  the  Wellman  hydraulic 
crane,  and  the  Wellman  open-hearth  charging  machine.  The 
latter  (No.  499)  is  a  truly  marvelous  contrivance. 

BENJAMIN  F.  JONES,  1824-1903,  PITTSBURGH 
MANUFACTURER 

Benjamin  F.  Jones,  born  in  1824,  was  one  of  the  pioneer  iron 
manufacturers  of  the  Pittsburgh  district.  His  first  partnership 
in  iron  was  Jones,  Lauth  &  Company,  but  this  was  soon  dissolved 
and  the  famous  Jones,  Laughlin  &  Company  started.  This  com¬ 
pany  built  the  Eliza  furnaces  in  1861  and  was  the  first  to  use  Con- 
nellsville  coke  in  Allegheny  county.  Although  the  form  of  the 
business  organization  has  been  changed  from  Jones,  Laughlin  & 
Company  first  to  Jones  and  Laughlin  Company,  Ltd.,  and  later 
to  Jones  &  Laughlin  Steel  Corporation,  the  names  of  the 
founders  have  always  been  retained  in  the  business  title  because 
the  originators  were  responsible  for  the  great  success,  fame  and 
goodwill  which  this  business  has  built  for  itself  during  the  many 
years  since  its  inauguration. 


511  From  a  portrait  in  the  possession  of 

Henry  Burden,  New  York 
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©  Underwood  &  Underwood 


ANDREW  CARNEGIE,  1835-1919,  STEEL 
MAGNATE 

The  name  most  popularly  associated  with  the  iron 
and  steel  industry  is  that  of  Andrew  Carnegie.  Yet 
Carnegie’s  early  life  seemed  more  likely  to  make  him 
famous  as  a  railroad  man  rather  than  an  ironmaster. 

Emigrating  to  America  with  his  father  from  Scot¬ 
land,  Carnegie  followed  his  father  into  a  cotton  mill 
at  Allegheny  City  where  the  youthful  Andrew  became 
a  bobbin  boy.  Showing  aptitude  for  mechanics,  he 
was  put  at  thirteen  in  charge  of  the  engine  in  a  small 
bobbin  factory.  But  when  his  employer  learned  that 
the  boy  could  read,  write  and  cipher,  Carnegie  was 
transferred  to  a  clerk’s  position  in  the  office.  Seeing 
no  opportunity  in  this  job  Carnegie  became  first  a 
messenger  and  then  an  operator  for  the  Ohio  Tele¬ 
graph  Company  at  Pittsburgh.  In  this  position  he 
attracted  the  attention  of  Thomas  A.  Scott  of  the 
Pennsylvania  Railroad,  who  took  Carnegie  into  his 
own  office  as  a  clerk.  When  the  Pennsylvania  in¬ 
stalled  telegraphic  train  dispatching  Carnegie,  as  its 
originator,  was  put  in  charge  of  the  lines.  When  Scott  advanced  to  the  presidency  of  the  Pennsylvania, 
Carnegie  was  moved  into  Scott’s  former  position  as  superintendent  of  the  Western  Division.  During  the 
Civil  War,  Scott  took  Carnegie  to  Washington  with  him  to  operate  military  trains  and  government  telegraphs. 

Following  the  war  Carnegie  was  impressed  with  the  future  prospects  for  iron  railroad  bridges  and  organized 
the  Keystone  Bridge  Company  to  manufacture  bridge  materials  for  the  railroads,  including  the  Pennsylvania. 
The  success  of  this  venture  led  Carnegie  deeper  into  the  iron  industry,  first  with  rolling  mill  properties,  then 
blast  furnaces,  steel  mills  and  eventually  all  the  iron  and  steel  interests  that  became  identified  with  his  name. 

Carnegie  was  never  a  practical  iron  and  steel  man,  that  is,  a  technician.  He  was  an  able  captain  of  industry 

and  an  organizer  with  a  marvelous  gift  in  picking  the  proper 
technicians  for  associates.  While  Carnegie  was  shrewd,  his 
advances  were  always  made  cautiously.  On  several  occasions 
he  was  carried  into  new  ventures  by  his  associates  against  his 
own  wishes,  the  very  ventures  that  harvested  for  him  golden 
rewards.  Carnegie’s  business  success  culminating  in  his  open- 
handed  philanthropy  made  his  career  doubly  remarkable. 


CAPTAIN  “BILL”  JONES,  1839-89,  ONE  OF 
CARNEGIE’S  “FINDS” 

One  of  the  most  interesting  figures  of  the  Pittsburgh  iron 
industry  was  Captain  William  R.  Jones,  known  as  “Bill” 
Jones.  Born  in  1839  of  poor  Welsh  parents  at  Catasauqua, 
Pennsylvania,  where  David  Thomas  was  making  his  experi¬ 
ments  with  anthracite.  Bill  obtained  his  first  job,  at  the  age 
of  ten,  in  the  works  of  Thomas.  Andrew  Carnegie,  with  his 
genius  for  discovering  the  right  man,  put  Jones  in  charge  of 
his  Braddock  works  in  1873.  Setting  the  pace  for  the  other 
manufacturers,  he  soon  surpassed  them  all  in  quantity  of 
production.  With  a  dash  of  recklessness  and  considerable 
driving  power  in  his  make-up  Jones  was  able  to  win  the 
devotion  of  his  workmen  and  assistants.  He  was  one  of 
those  dauntless  workers  who  did  much  to  bring  to  the  United 
States  supremacy  in  steel.  Jones  died  on  the  job,  Septem¬ 
ber  28,  1889,  in  an  explosion  at  his  works. 


515 


From  the  crayon  portrait  in  the  possession  of  the 
Carnegie  Steel  Company,  Pittsburgh 
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HENRY  CLAY  FRICK,  1849-1919, 

MASTER  OF  COKE 

Henry  Clay  Frick  will  always  be  named  among  great  steel 
men  although  much  of  his  life  was  given  to  the  manufacture  of 
coke.  Frick  was  born  in  Pennsylvania  in  1849  and  attended 
Oberlin  College  in  Ohio.  His  first  job  was  as  a  clerk  in  a  dry 
goods  store  at  Mount  Pleasant,  from  which  he  was  transferred 
to  Broad  Ford  to  become  a  bookkeeper.  While  in  this  position, 
struck  with  the  possibilities  of  the  coking  coal  in  the  neighbor¬ 
hood,  he  began  to  buy  or  lease  coal  lands.  In  1871  the  firm  of 
H.  C.  Frick  &  Company  undertook  the  manufacture  of  coke. 
The  panic  of  1873  was  his  opportunity  to  consolidate  and  expand 
his  holdings.  Eventually  Frick  dominated  the  coke  industry. 
His  ability  attracted  the  Carnegie  interests,  and  in  1889  Frick 
became  general  manager  for  the  Carnegie  properties,  meanwhile 
retaining  control  of  his  own.  In  1900  the  Frick  and  Carnegie 
interests  were  merged  in  the  Carnegie  Company,  which  suc¬ 
ceeded  the  Carnegie  Steel  Company,  Ltd.  Frick  thus  became 
one  of  the  principal  beneficiaries  after  Carnegie  himself  when 
the  Carnegie  Company  sold  out  to  the  United  States  Steel 
Corporation.  It  is  said  that  Frick  was  the  only  man  ever  associated  with  Carnegie  whom  the  latter  could 
not  dominate. 


516  ©  Pach  Brothers,  New  York 


CHARLES  M.  SCHWAB,  1862- 
Charles  M.  Schwab  has  had  a  career  of  the  sort  called  typically 
American.  From  the  lowly  job  of  stake  driver  in  the  engineering  corps 
of  the  Edgar  Thompson  Steel  Works,  he  rose  to  the  presidency  of  the 
largest  steel  corporation  in  the  world.  Schwab  was  one  of  the  favorite 
“young  partners”  of  Carnegie,  and  held  many  positions  of  importance 
and  trust  under  Carnegie,  including  the  presidency  of  the  Carnegie 
Steel  Company,  Ltd.  Schwab,  who  is  credited  with  being  the  greatest 
salesman  in  America,  is  supposed  to  have  given  the  idea  of  the  United 
States  Steel  Corporation  to  the  men  who  afterward  created  it.  Schwab 
himself  was  president  of  that  corporation  for  three  years.  In  1925,  he 
was  chairman  of  the  board  of  directors  of  the  Bethlehem  Steel  Corpora¬ 
tion  and  the  Bethlehem  Steel  Company.  During  the  World  War 

Schwab  acted  for  a  time  as 
the  Director  General  of  ship¬ 
building  for  the  United  States 
Shipping  Board  Emergency 
Fleet  Corporation.  Like  other 
steel  magnates  Schwab  has 
been  noted  for  his  benefactions.  517 


Prom  a  photograph  by  Pirie 
MacDonald,  New  York 


518  From  a  photograph,  courtesy  of  Mr.  Gary 


ELBERT  H.  GARY,  1846-, 

Elbert  H.  Gary,  chairman  of  the  United  States  Steel  Corporation, 
was  trained  as  a  lawyer  and  practiced  in  Chicago  for  twenty-five 
years,  and  at  one  time  was  president  of  the  Chicago  Bar  Associa¬ 
tion.  He  became  interested  in  the  formation  of  the  Federal  Steel 
Company,  of  which  he  was  the  first  president.  His  new  duties  caused 
his  retirement  from  the  practice  of  law.  When  the  United  States 
Steel  Corporation  was  planned,  Gary  had  a  prominent  part  in  its 
organization  and  was  made  chairman  of  its  board  of  directors  as  well 
as  chairman  of  its  finance  committee.  Mr.  Gary  became  president 
of  the  American  Iron  and  Steel  Institute. 
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A  STEELWORKER  FROM  ITALY 
In  portraying  some  of  the  men  who  have  made  American  iron  and  steel 
lead  the  world,  the  men  on  the  job  should  not  be  overlooked.  Officers 
alone  do  not  constitute  the  army;  neither  do  the  officials  in  industry 
solely  determine  the  industry’s  success.  The  steel  industry  owes  a 
heavy  debt  to  the  brawn  and  brain  of  our  immigrant  stocks.  It  has 
been  the  sweat  and  the  ideas  of  these  men  that  have  been  wrought  into 
metal  produced  in  record  amounts,  at  record  speed  and  with  record 
efficiency.  The  photograph  of  an  Italian  steelworker  in  an  American 
mill  (No.  519)  is  included  in  our  series  to  indicate  the  debt  of  Amer¬ 
ican  steelmasters  to  the  Latin  type  of  labor.  Not  only  Italians,  but 
often  Roumanians,  occasionally  Spaniards  and,  rarely,  Frenchmen  are 

found  as  “midwives”  attending 
the  labor  of  furnaces  in  the  birth 
of  iron  and  steel. 

519  From  a  photograph  by  Lewis  W.  Hlne 

A  GERMAN  STEELWORKER 

The  men  of  the  steel  industry  are  of  many  nationalities,  of  many 
degrees  of  strength  and  skill;  but  the  fierce  heats,  the  inexorable  de¬ 
mands  for  the  utmost  efforts,  the  unending  service  demanded  by  the 
insatiable  monsters  they  wait  upon,  the  constant  threat  of  sudden, 
awful  death,  weld  these  men  of  diverse  origins  intoa  unified,  coordinated, 
purposeful  group,  a  band  of  pygmies  that  by  unity  control  titans. 

Here  the  Latin  and  the  Teuton  work  shoulder  to  shoulder,  forgetful 
for  a  time  of  their  inherited  antipathy,  joined  together  in  a  common 
cause  to  conquer  resisting  metal. 


520  From  a  photograph  by  Lewis  W.  Hlne 


SLAV  STEELWORKERS 
Slavs,  too,  drawn  from  all  peoples 
from  the  White  Sea  to  the  Black,  from 
the  Arctic  to  the  Mediterranean  and 
Caspian,  bend  their  backs  and  strain 
their  muscles  in  the  service  of  Ameri¬ 
can  steel. 


521  Slovaks  going  to  Work,  Pittsburgh,  from  a  photograph  by  Lewis  W.  Hlne 


523 


A  Group  of  Russians,  from  a  photograh  by  Lewis  W.  Hlne 
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524  A  Group  of  American  Steelworkers,  from  a  photograph  by  Lewis  W.  Hine 


A  STEELWORKER  FROM  ENGLAND 


English,  Scotch,  Welsh  and  Irish  are  to  be  found  in  considerable 
numbers  in  Pittsburgh,  Youngstown,  Buffalo,  Duluth  or  wherever 

American  iron  is  made. 


THE  MELTING  POT 
OF  THE  STEEL 
INDUSTRY 

This  photograph  of  a 
chance  group  of  steelwork¬ 
ers  exemplifies  the  wide 
range  of  nationalities  em¬ 
ployed  in  this  industry. 
Slovaks,  Americans,  Irish, 
Germans,  and  Poles  are 
represented,  besides  several 
individuals  of  indetermin¬ 
able  origin. 


525  From  a  photograph  by  Lewis  W.  Hine 


NATIVE  AMERICAN 
STEELWORKERS 
The  American,  who  is  a  composite 
of  Latin,  Teutep,  Slav,  Anglo-Saxon 
and  Celt,  does  his  share  with  his 
brother  workers  at  the  blast  furnace, 
converter,  open-hearth  and  rolls.  He 
is  the  product  of  the  mingled  blood 
of  former  immigrants ;  his  counterpart 
of  to-morrow  will  include  in  his  herit¬ 
age  that  of  the  “foreigner”  of  to-day. 


526  An  American  at  Homestead,  Pa.,  from  a 
photograph  by  Lewis  W.  Hine 


TWIN  GIANTS 
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THE  IRONWORKER 

Strength  with  grace,  force  with  ease,  determination  with  acceptance 
of  leadership,  all  attributes  of  an  ironworker,  are  fittingly  cast  in  this 

enduring  bronze 
statue  planted  be¬ 
fore  the  home  of  an 
ironmaster. 


THE  SPIRIT  OF  VULCAN 

The  making  of  iron  and  steel,  the  erection  of  steel  frame  buildings  or  bridges,  the  quarrying  of  stone,  the 
delving  for  minerals  in  the  bowels  of  the  earth,  the  hewing  of  forests  all  these  appeal  to  the  imagination  and 
contain  elements  of  the  picturesque.  Crafts  calling  for  deftness,  speed,  or  precision  likewise  have  their  charm 
for  the  seeing  eye.  No  industry  furnishes  so  attractive  a  subject  to  the  artist  as  the  making  of  iron  and  steel. 


528 


From  the  mural  by  Edwin  A.  Abbey  (1852-1911),  in  the  dome  of  the  state  Capitol,  Harrisburg,  Pa.  ©  Curtis  &  Cameron 


529  From  the  painting  by  Gerrit  A.  Beneker  (1882-)  in  the 
mills  of  the  Hydraulic  Steel  Company,  Cleveland,  Ohio 


TIIE  TEST 
Not  only  in  plaster, 
stone,  and  bronze, 
but  with  pencil  and 
brush  have  artists 
depicted  the  iron- 
worker.  The  brilliant 
spitting  light  of  the 
tested  steel,  the  clus¬ 
tering  shadows  of  the 
furnace  room,  the 
heat  of  the  place  and 
process,  the  intelli¬ 
gence  and  persistence 
of  the  men  —  these 
have  caught  the  ar¬ 
tist’s  eye. 


530  From  the  bronze  statue  by  J.  L.  Gerome 
(1824-1904)  in  iront  of  the  residence 
of  Charles  M.  Schwab,  New  York 
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WELDING 

This  is  a  picture  of  contrasts  and  struggle,  light  with 
shade,  man  against  metal,  mind  matched  with  matter; 
an  epitome  of  life  itself.  Man  faces  nature  in  a  multi¬ 
tude  of  aspects.  Perhaps  better  than  any  other  the 
story  of  steel  symbolizes  his  relation  to  the  material 
world.  He  can  create  nothing.  He  can  merely  take 
the  raw  metal  from  its  resting  place  and  learn  by 
diligent  study  its  composition.  Only  by  adjusting 
himself  to  the  peculiarities  which  he  has  discovered 
can  he  shape  the  metal  into  the  objects  which  will 
be  of  use  to  him. 


532  From  the  painting  by  Gerrlt  A.  Beneker  in  the  mills  of  the 
Hydraulic  Steel  Company,  Cleveland,  Ohio 


THE  IRON  MAN 

Man,  however  stalwart,  is  a  puny  thing,  but  what  he 
lacks  in  muscle  he  makes  up  in  mind.  With  his  in¬ 
telligence  he  makes  the  huge  mechanical  monsters 
that  bend  and  shape  materials  that  he  alone  could  not 
budge.  A  gigantic  machine,  like  the  ones  seen  in  a 
steel  mill,  is  not  only  a  triumph  of  mechanism,  but  a 
marvel  of  the  capacity  of  the  human  mind  to  shape 
the  forces  of  nature  to  its  ends.  Looking  at  one  of 
these  great  machines  and  remembering  that  science 
is  still  young,  one  wonders  what  marvels  will  become 
the  commonplaces  of  life  among  future  generations. 


531  From  the  painting  by  Gerrlt  A.  Beneker  In  the  mills  of  the 
Hydraulic  Steel  Company,  Cleveland,  Ohio 


MEN  ARE  SQUARE 

Beauty  may  be  expressed  in  curves,  but  character 
produces  and  is  portrayed  in  straight  lines.  The  men 
of  steel  are  square  of  brow,  of  chin,  of  shoulder.  The 
outward  form  indicates  the  inward  spirit.  The  work 
which  shapes  the  body  molds  the  character,  for  steel 
cannot  be  made  by  trickery.  Like  the  pioneers  who 
attacked  the  forest  these  men  who  work  with  iron 
and  steel  are  dealing  with  nature,  naked  and  un¬ 
tamed. 


CHAPTER  X 


LOGGING  AND  LUMBERING 

THE  early  colonists  who  came  to  America  found  much  of  the  continent  covered 
with  forest.  This  forest  must  be  cleared  away  before  agriculture  was  possible 
to  any  extent.  Since  farming  promptly  became  the  most  important  source  of 
food  supply,  the  edge  of  the  forest  retreated  westward  as  the  pioneer  farmers  cleared  more 
and  more  land.  With  the  coming  of  more  settlers  and  the  natural  growth  of  population 
the  cutting  of  the  forest  was  increased.  Not  only  were  the  trees  felled  to  get  them  out 
of  the  way,  but  wood  became  a  most  important  building  material.  Eighteenth  and 
early  nineteenth-century  American  cities  were  built  largely  of  wood.  The  old  merchant 
marine  of  the  days  before  the  Civil  War  was  composed  of  wooden  ships.  Wood  supplied 
most  of  the  needs  of  a  rapidly  growing  population  for  furniture  and  for  vehicles.  The 
place  of  iron  and  steel  in  modern  life  was  to  a  certain  extent  taken  by  wood  for  more  than 
two  centuries  of  American  history. 

Nor  has  the  need  for  wood  passed.  Wood  is  still  an  indispensable  building  material. 
Incredible  as  it  may  seem  to  some  people,  wood  is  to  this  day  one  of  the  most  important 
domestic  fuels.  With  the  growth  of  population  the  demand  for  wooden  articles  of  many 
kinds  has  increased.  The  need  for  cleared  land  and  that  for  wood  manufactured  into 
many  forms  has  resulted  in  the  sad  depletion  of  the  nation  s  forests. 

In  America  the  rate  of  cutting  has  proceeded  three  or  four  times  as  fast  as  the  rate  of 
growth  with  the  result  that  the  most  productive  forests  in  one  period  are  not  those  to 
which  the  industry  looks  for  its  principal  supply  at  a  later  time.  But  no  forest  region  has 
yet  been  cut  completely  and  abandoned.  The  first  forest  area  to  be  exploited  was 
that  of  New  England.  This  was  followed  in  turn  by  the  forests  of  New  York,  Pennsylvania 
and  the  Lake  states.  Later,  within  our  own  time,  the  center  of  the  logging  industry  has 
been  in  the  South,  both  in  the  Atlantic  states  and  also  those  near  the  Gulf  of  Mexico. 
The  latest  cutting  regions  have  been  in  the  Rocky  Mountains  and  upon  the  Pacific 

coast 

Logging  is  the  trade  term  applied  to  the  business  of  getting  trees  to  the  sawmill.  It 
includes  the  felling  of  trees,  the  cutting  of  trunks  into  logs,  and  the  transportation  of 
logs  from  the  place  where  the  trees  are  felled  to  the  mills  where  the  logs  are  sawed  into 
lumber.  Although  most  logging  is  concerned  with  converting  timber  into  lumber,  there 
is  some  logging  conducted  with  the  primary  purpose  of  collecting  certain  valuable  barks. 
The  stripped  logs  may  or  may  not  be  “logged”  afterwards  for  lumber.  Likewise  there 
has  been  at  various  times  some  logging  incidental  to  the  gathering  of  turpentine  and 
other  “naval  stores.”  Similarly  the  term  logging  has  been  applied  to  forest  operations 
that  were  conducted  for  the  purpose  of  getting  out  cordwood  for  domestic  fuel  or  for 
hewing  railroad  ties  or  mine  timbers. 

Due  to  differences  in  the  kinds  of  trees  felled  and  to  the  topography  and  climate  of 
the  forest  areas  each  forest  region  has  developed  certain  peculiar  methods  of  logging. 
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Courtesy  of  the  United  States  Forest  Service 


THE  EXTENT  OF  AMERICAN  FORESTS 

Before  white  men  began  the  exploitation  of  continental  America  there  "were  some  eight  hundred  and  twenty- 
two  million  acres  of  forest  land  to  be  had  for  the  taking,  a  forest  stand  that  constituted  the  most  magnificent 
commercial  timber  resource  of  the  world.  Although  over  two  thirds  of  this  original  forest  has  disappeared 
there  are  about  one  hundred  and  thirty-seven  million  acres  of  virgin  forest  and  four  hundred  and  sixty-three 
million  acres  of  tree-covered  land  still  available.  In  quantity  of  useful  forest  the  United  States  is  unsurpassed. 

These  tracts  are  classified  in  great  forest  areas.  From  the  map  it  may  be  seen  that  these  areas  are  northern, 
central  hardwood,  southern,  tropic.  Rocky  Mountain  and  Pacific  coast  forests. 

NEW  ENGLAND  LOGGING 

Logging  began  in  New  England  as  early  as  1623  and  has  continued  to  the  present  time.  Until  about  1870  the 
principal  tree  cut  was  the  white  pine,  the  best  all-purpose  wood  ever  known  in  America.  By  1870  “primeval 
pine”  was  for  the  most  part  cut  out  and  thereafter  the  white  pine  that  has  been  felled  has  been  mostly  second 
growth.  After  1880  it  was  discovered  that  wood  pulp  could  be  used  to  manufacture  paper.  For  this  purpose 
hemlock,  spruce  and  poplar,  large  trees  or  small,  could  be  used.  This  pulp  wood  logging  gave  a  new  impetus 
to  New  England’s  dying  forest  operations  and  caused  the  cut  to  increase  year  by  year  up  to  1907  when  it 
reached  its  maximum.  At  the  present  rate  of  exhaustion  it  is  estimated  that  New  England  soon  will  supply 
less  than  half  of  its  own 
wood  needs,  and  within  a 
score  of  years,  all  its  timber 
will  be  gone  except  that  in 
farmers’  wood  lots,  a  few 
stands  of  second  growth  and 
the  relatively  small  forests 
contained  in  the  White 
Mountain  national  forest 
and  state  forests.  Mean¬ 
while  the  center  of  logging 
passed  westward  and  as  early 
as  1850  half  of  the  cut  for 
the  nation  was  outside  of 
New  England. 
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LOGGING  IN  THE  NORTH  CENTRAL  STATES 
From  New  England  to  Wisconsin  by  way  of  New  York  and 
Pennsylvania  there  was  once  almost  continuous  forest,  vir¬ 
tually  uniform  throughout  this  area,  with  the  white  pine 
the  chief  tree.  Here  the  methods  of  logging  were  every¬ 
where  similar.  As  the  cut  declined  in  New  England, 
New  York  produced  the  greatest  volume  in  1840,  and 
Pennsylvania  in  1860.  Ten  years  later  Michigan  was  the 
banner  state  in  amount  of  logs  cut,  but  was  forced  to  yield 
to  Wisconsin  in  1900.  All  this  region  is  still  cutting  timber 
into  logs,  but  the  history  of  New  England  has  been  re¬ 
peated  in  that  the  white  pine  has  virtually  disappeared  and 
the  cut  now  is  confined  to  other  trees,  many  of  which  are 
destined  for  pulp.  By  1900  the  nation  had  begun  to  turn 
to  southern  forests  for  most  of  its  lumber. 


536  Second  Growth  Pine,  Michigan,  from  a  photograph 
by  the  United  States  Forest  Service 


537  Old-time  Bunk  House,  Maine,  from  Harper's  Weekly,  Sept.  25,  1858 


THE  WINTER  LUMBER  CAMP 
In  New  England,  New  York,  Pennsylvania  and 
the  Lake  states  logging  has  generally  been  a 
winter  job,  partly  because  much  of  the  capital 
and  labor  came  from  among  farmers,  who  used 
logging  as  an  off-season  occupation,  and  partly 
because  the  northwoodsmen  had  to  rely  upon  nature’s  aid  for  transportation.  Snow-covered  ground  and 
frozen  swamps,  lakes,  rivers  and  brooks  made  it  easy  to  transport  enormous  loads  of  logs,  whereas  the  forest 
floor  in  summer  was  impassable  except  at  great  expense.  Furthermore  spring  floods  were  used  to  float  logs 
from  the  cutting  area  to  the  sawmills;  this  feature  made  it  imperative  to  do  the  felling  in  the  winter  in  advance 
of  the  spring  freshets. 

From  1623  to  the  present  time  the  first  essential  of  logging  was  a  camp  located  centrally  to  the  cutting  area. 
This  camp  was  composed  of  rude  buildings  constructed  in  the  late  summer  before  the  regular  crews  went  into 
the  forests.  The  camp  was  made  up  of  bunk  houses  for  the  men,  a  mess  house  or  cook  house,  shelters  for  ani¬ 
mals  and  a  store  for  warehousing  supplies  and  furnishing  the  men  with  simple  necessities.  The  logging  camps 
looked  much  alike.  The  houses  were  constructed  of  logs  and  the  gaps  filled  with  mud  or  snow  to  keep 
out  the  cold.  One  of  the 
features  of  the  early  camps 
was  the  use  of  oxen  for 
traction.  In  the  modern 
camps  the  horse  has  re¬ 
placed  the  ox. 

The  houses  and  furnish¬ 
ings  of  a  lumber  camp 
were  rough  but  not  un¬ 
comfortable.  They  fitted 
their  environment,  the  use 
for  which  they  were  in¬ 
tended,  and  the  life  of 
the  backwoodsmen  who 
occupied  them. 

A  Modern  Winter  Camp,  from  a  photograph  by  the  United  States  Forest  Service 
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539  From  Harper’s  Weekly,  Feb.  4,  1888 


THE  MESS  HOUSE 
The  food  was  simple  but  abundant.  Men 
who  worked  out  of  doors  all  winter  had 
excellent  appetites,  and  their  food  was 
hearty  in  character  rather  than  dainty. 
Table  etiquette  matched  the  food.  The 
lumber  jack  has  long  been  one  of  the 


FELLING  TREES 

With  the  opening  of  winter  the  logging 
crews  entered  the  camp  to  begin  the  sea¬ 
son’s  work.  The  first  job  was  the  clearing 
of  roadways.  These  radiated  throughout 
the  cutting  area  and  led  to  the  bank  of  the 
streams  selected  to  float  the  logs  in  the 
coming  spring.  When  the  roads  were  ready 
and  the  snow  had  begun  to  fall  the  cutting 
of  trees  began. 

This  work  was  subdivided.  An  expert 
axman  felled  the  trees,  and  so  exact  was 
his  work  that  he  could  set  a  stake  or  other 
marker  in  the  ground  and  hit  it  with  the 
tree  when  the  latter  crashed  to  earth.  An 
experienced  man  could  cut  a  large  tree 
within  an  hour’s  time.  When  the  tree  was* 
on  the  ground  less  experienced  men  lopped 
off  the  branches  and  cut  the  trunk  into 
logs  of  uniform  length. 
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THE  HAUL  TO  THE  RIVER 

When  the  logs  were  ready  a  teamster 
hauled  them  to  the  river  bank.  Sometimes 
this  was  done  in  two  operations.  First  the 
logs  were  pulled  along  the  ground  — 

“snaked” —  to  the  nearest  roadway,  where 
they  were  piled  together.  Second,  these 
roadside  piles  —  skids  —  were  loaded  on  to 
sleds  and  driven  to  the  river  bank  where 
they  were  piled  once  more  within  reach  of 
the  forthcoming  spring-flood  waters. 

The  motive  power  for  the  transportation 
was  at  first  always  oxen,  and  these  even 
now  may  be  seen  in  service,  although  they 
have  been  generally  supplanted  by  horses. 

The  change  from  oxen  to  horses  was  hailed 
as  a  remarkable  advance  because  so  much  time  and  labor  were  saved.  Of  late,  “snaking  ”  may  be  done  by 
steam  engines  and  cables,  and  haulage  by  tractors;  but  these  devices  are  rare  in  New  England  and  Lake 
state  forests. 


542  Hauling  a  Mountain  of.  Logs,  from  a  photograph  by  the  United  States  Forest  Service 


541  From  Harper's  Weekly,  Sept.  25,  1858 


THE  END  OF  THE  HAUL 
Before  snow  fell  a  logger  roadway 
bore  but  slight  resemblance  to  a  road, 
for  hollows  were  filled  crudely  with 
small  trees  and  brush,  and  elevations 
were  but  slightly  cut  down.  But  snow 
transformed  it  into  an  effective  trac¬ 
tion  surface,  smooth  with  banked 
curves  and  the  ruts  iced.  On  these 
roads  sleds  slipped  so  easily  that  a  few 
animals  could  move  gigantic  burdens 
without  undue  effort.  The  largest  load 
of  logs  ever  hauled  on  sleds  by  horses 
contained  fifty  thousand  five  hundred 
and  eighty  board  feet  and  weighed  two 
hundred  and  fifty  tons.  It  would  fill 
nine  railroad  flat  cars  with  logs.  Six 
horses  pulled  the  load  fifteen  miles. 


543  Logs  on  a  River  Bank,  from  a  photograph  by  the  United  States  Forest  Service 
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544  From  a  photograph  by  the  United  States  Forest  Service 

A  LOG  BOOM 

With  the  break-up  of  winter  and  the  thawing  of  river  ice  and  the  rising  of  spring  floods,  the  New  England  and 
Lake  state  lumber  camps  ceased  cutting.  Many  of  the  men  were  paid  off,  and  the  teams  went  home  before 
the  ice  was  off  the  swamps. 

The  youngest,  most  vigorous,  alert,  hardy,  and  daring  men  then  began  the  “river  drive.”  They  pushed  the 
piles  of  logs  into  the  raging  freshets  until  the  whole  river  from  bank  to  bank  was  one  mass  of  plunging,  rearing 
logs,  careening  madly  down  the  flood.  It  was  the  river  crew  s  job  to  follow  the  logs  and  see  that  nothing 
stopped  their  progress.  Stranded  logs  were  shoved  back  into  the  current,  and  jammed  logs  were  set  loose. 
Since  no  boat  could  live  when  buffeted  alike  by  racing  current  and  upending  logs,  the  river  men  had  to  ride 
the  logs  themselves,  aided  by  their  spiked  shoes  and  balanced  by  their  pike  poles.  No  circus  rider  showed 
greater  skill.  A  slip  or  misjudged  step  meant  death  by  drowning  or  crushing  between  logs.  The  banks  of 
New  England  rivers  are  marked  by  the  graves  of  river  men,  for  few  log  drives  go  through  without  the  sacrifice 
of  human  life. 

A  LOG  JAM 

Log  jams  were  most  likely  to  occur  at  rapids,  below  falls,  at  narrow  gorges  or  at  bends.  If  a  log  caught, 
hundreds  piled  up  in  a  few  minutes.  Then  the  river  men  risked  their  lives  to  pry  loose  the  key  log,  the  one 
that  held  the  mass.  If  prying 
failed,  the  log  was  hacked  into 
pieces  or  blown  up  with  dyna¬ 
mite.  A  jam  might  be  cleared 
in  a  few  minutes  or,  if  there 
were  more  than  one  key  log,  it 
might  take  hours  or  even  days 
to  get  the  mass  in  motion.  In 
any  case  a  jam  always  meant 
feverish  work  and  tremendous 
risk.  Jam-breaking  was  the 
principal  hazard  in  river 
driving. 

The  graves  along  the  banks 
of  streams  bear  mute  witness 
to  the  failure  of  log  drivers 
to  move  quickly  enough  when 
a  log  jam  was  broken. 


545  A  Jam  on  a  Wisconsin  River,  from  Harper’s  Weekly,  June  5,  1869,  alter  a 

photograph  by  N.  A.  Preston 


LOGGING  AND  LUMBERING 


219 


From  a  photograph  by  the  United  States  Forest  Service 


LOGS  STRANDED  IN  SHALLOW  WATERS 

Logs  went  downstream  on  the  crest  of  the  spring  flood.  A  stream  grown  shallow  with  the  advancing  season 
could  not  carry  the  burden  of  logs.  In  such  case  the  difficulties  and  expense  made  it  unprofitable  to  continue 
the  drive.  Sometimes  a  whole  winter  s  output  would  be  abandoned  and  lost.  Although  tools  and  equipment 
have  been  improved  in  efficiency,  the  basic  methods  of  logging  have  changed  but  little  with  the  passing  years. 


547  From  a  photograph  by  the  United  States  Forest  Service 


SORTING  LOGS  AT  THE  END  OF  DRIVE 

The  end  of  the  river  journey  was  usually  a  quiet  pond  where  the  logs  were  sorted  and  put  through  the  sawmill. 
On  the  end  of  every  log  a  mark  was  cut  indicating  the  company  to  which  it  belonged  and  the  owner  of  each 
mill  was  supposed  to  select  the  logs  destined  for  him  as  they  passed  through  his  pond.  All  other  logs  were 
allowed  to  pass  the  barriers  and  go  down  river  to  their  various  destinations.  The  river  journey  from  forest  to 
mill  pond  often  took  weeks  and  covered  scores  of  miles. 
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A  SOUTHERN 
LUMBER  CAMP 
The  forests  of  the  South 
show  several  marked  con¬ 
trasts  to  those  of  the 
Northeast,  and  within  the 
South  itself  there  are 
differences  between  the 
forests  of  the  Atlantic 
states  and  those  bordering 
the  Gulf. 

The  South  Atlantic 
forest  contains  as  its  prin¬ 
cipal  commercial  tree  the 
yellow  pine.  This  is  in¬ 
ferior  to  its  cousin  the 
white  pine,  but  is  better 
for  most  purposes  than 
any  other  American  com¬ 
mercial  tree.  The  absence 
of  snow  in  the  South  pro¬ 
hibited  the  use  of  sleds, 
and  the  presence  of  deep 

sand  made  horse-drawn  wheel  vehicles  difficult  although  not  impossible.  A  fairly  level  topography,  however, 
led  to  the  general  use  of  logging  railways.  Since  the  railroad  and  the  camp  could  be  operated  throughout  the 
year,  continuous  use  offset  the  higher  costs.  Furthermore,  constant  operation  made  it  possible  to  construct 
camps  more  like  small  towns,  where  normal  family  life  could  be  enjoyed. 


548  A  North  Carolina  Lumber  Camp,  from  a  photograph  by  the  United  states  roreat  service 


549 


From  Frank  Leslie's  Illustrated  Newspaper,  Sept.  29,  1866 


COLLECTING  TURPENTINE,  NORTH  CAROLINA,  1866 
Before  the  South  Atlantic  forest  was  cut  for  logs  and  lumber  the  yellow  pine  had  served  chiefly  as  a  source  of 
turpentine,  rosin  and  tar.  This  business  began  in  North  Carolina  and  moved  by  decades  down  the  coast  to 
Florida,  and  eventually  over  into  the  lower  Mississippi  valley.  This  migration  was  caused  by  the  gradual 
exhaustion  of  the  tree  supply  in  the  older  regions. 

To  collect  the  sap  small  cavities  were  cut  in  the  bottom  of  the  tree;  from  two  to  four,  depending  on  its  size. 
At  intervals  of  a  few  days  the  bark  above  the  gouge  was  cut  away  until  the  cut  was  beyond  a  man  s  reach. 
The  sap  ran  in  the  gouge  and  was  collected  in  buckets  and  barrels  at  regular  intervals.  The  period  of  collection 
extended  from  January  to  September.  The  next  year  the  same  trees  were  gouged  above  the  gouges  of  the 
previous  year.  Of  course  this  process  in  time  killed  the  trees.  Sometimes  the  trees  were  cut  down  at  the 
start  and  the  sap  distilled  from  the  wood. 
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From  Frank  Leslie's  Illustrated  News-paver ,  Sept,  29,  1866 


AN  OLD-TIME  TURPENTINE  DISTILLERY  AT  WILMINGTON 
The  pine  sap  collected  from  the  trees  was  taken  to  a  distillery.  By  a  process  of  boiling,  steam  was  drawn  off 
from  the  sap  which  when  condensed  was  turpentine,  ready  to  be  barreled  and  sold.  The  residue  was  rosin  or 
tar,  which  was  also  sold.  The  turpentine  industry  still  continues  in  some  places  in  competition  with  logging, 
hi  others  in  conjunction  with  logging  companies.  Both  industries  are  destructive  and  continue  only  by  ex¬ 
ploiting  new  areas. 


SOUTHERN  LOGGING 
IN  THE  ’SIXTIES 
Before  the  Civil  War 
there  was  some  logging 
and  sawmilling  in  the 
South  Atlantic  region  at 
such  places  as  Wilming¬ 
ton,  Georgetown,  Sa¬ 
vannah  and  Jacksonville, 
and  at  the  mouth  of  a  few 
navigable  rivers.  These 
enterprises  skirted  the  edge 
of  the  forest.  After  the 
Civil  War  a  number  of 
ex-service  men  from  the 
Union  army  pushed  back 
into  the  forest,  erected 
villages,  set  up  crude  saw¬ 
mills  and  started  the  log¬ 
ging  and  lumber  industries. 


551  Hauling  Logs,  North  Carolina,  from  Frank  Leslie's  Illustrated  Newspaper,  Aug.  10,  1867, 

alter  a  sketch  by  James  E.  Taylor 


552  A  Yankee  Sawmill  and  Settlement,  North  Carolina,  from  Frank,  Leslie's  Illustrated  Newspaper,  Aug.  10,  1867,  alter 

a  sketch  by  James  E.  Taylor 
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SAWING  SOUTHERN  PINES 
In  the  South,  trees  are  often  felled  by  sawing  instead  of 
chopping.  Yellow  pine  trees  are  frequently  boxed  for 
turpentining  before  cutting.  The  absence  of  snow  in 
the  southern  forests  is  in  marked  contrast  to  the 
familiar  whiter  scene  in  the  North. 


554  “Snaking”  Logs  with  Mule  and  Capstan,  South  Carolina,  Irom 
a  photograph  by  the  United  States  Forest  Service 


TRANSPORTING  SOUTHERN  LOGS 
Logs  are  “snaked”  by  animal  traction  or  by  small 
stationary  steam  engines  to  the  line  of  railway  where 
they  are  loaded  on  cars.  The  logging  railway  carries 
the  logs  to  a  sawmill  or  to  the  main  line  of  a  standard 
railway.  The  peculiar  shape  of  the  locomotive  chimney 
(No.  555)  is  due  to  the  fact  that,  like  our  first  railways,  the  engine  is  a  wood  burner. 

Since  the  logging  railway  operates  upon  a  temporary  right  of  way  which  must  shift  as  the  cutting  area 
changes,  no  great  engineering  care  is  employed  in  laying  the  tracks.  In  many  cases  these  are  merely  slender 
logs  fastened  to  other  logs  used  as  sleepers.  This  method  of  transportation  lacks  some  of  the  romance  of  the 
snow  and  ice  roadways  of  the  North,  or  the  rushing  spring  torrents  in  the  rivers. 


653  "  From  a  photograph  by  the  United  States  Forest  Service 


655  Steam  Derrick  loading  Logs  on  to  a  Railway  Car,  Louisiana,  courtesy  of  the  Great  Southern  Lumber  Company,  Bogalusa,  La. 
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656  From  a  photograph  by  the  United  States  Department  of  Agriculture 

LOGS  GOING  TO  THE  SAWMILL,  FLORIDA 

Where  the  logging  company  does  not  operate  a  logging  railroad,  a  high-wheeled  gig  is  used  for  hauling  logs 
to  a  sawmill  by  means  of  ox  or  mule  traction. 


TIMBER  CUTTERS  IN  A  SWAMP  CAMP 

Part  of  the  Gulf  forest  lies  on  sand  ridges  sloping  away  from  the  Mississippi  and  other  rivers.  On  these 
ridges  the  yellow  pine  is  the  principal  tree  and  the  logging  camps  and  methods  of  transportation,  are  analogous 
to  those  of  the  South  Atlantic  logging  industry.  But  away  from  the  rivers  are  great  areas  of  swamps.  Growing 
in  the  water  of  the  swamps  is  the  cypress  tree,  whose  wood  is  so  impervious  to  weather  and  decay  that  it  is 
called  “the  wood  eternal.”  On  hummocks  within  the  swamp  is  another  valuable  tree  belonging  to  a  group 
known  as  gum  trees.  These  swamp  forests  call  for  methods  different  from  those  of  dry  land. 

The  swamp  camp  is  a  house  boat.  On  these  boats  the  loggers  and  their  families  live  the  year  round,  moving 
from  one  cutting  area  to  another  as  occasion  requires. 


657 


From  Harper's  Weekly,  June  14,  187  J 
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The  swamp  lumbermen 
cut  their  trees  standing  in 
water  of  varying  depths, 
an  arduous  task  in  the 
humid,  insect-ridden  at¬ 
mosphere,  conditions  with 
which  few  white  men  can 
successfully  cope.  Most 
(of  the  swamp  workers  are 
colored  or  Mexicans. 

At  the  cutting  area  in 
the  swamp  a  number  of 
canals  are  dug  which 
radiate  from  a  central 
point.  In  each  of  the 
radial  canals  is  a  small 
flatboat  upon  which  a 
small  stationary  steam  en¬ 
gine  is  mounted.  Cables 

Cutting  Gum  Trees  in  a  Swamp,  from  a  photograph  by  the  United  States  Forest  Service  from  this  engine  are  drawn 

into  the  swamp  forest  and  attached  to  the  felled  trees.  The  engine  then  snakes  the  trees  to  the  canal. 

A  larger  boat  and  engine  at  the  central  point  snake  the  logs  down  the  radial  canals.  At  the  center  the  logs 
are  piled  on  boats  and  taken  out  of  the  swamp.  Sometimes  boats  are  used  on  the  radial  canals  for  transporting 
the  logs  instead  of  snaking  them  with  cables. 
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Pull  Boat  In  a  Louisiana  Cypress  Swamp,  from  a  photograph  by  the  United  States  Forest  Service 
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RAFTING  LOGS 

Upon  the  larger  streams  in  the  Gulf  region  logs  are  formed 
into  rafts.  These  float  downstream  with  the  current,  guided 
by  great  oar  sweeps  or  towed  by  steamboats. 


PLACE  OF  THE  SOUTH  IN  LUMBER 
PRODUCTION 

The  South  Atlantic  and  Gulf  forests  have  already  passed  the 
peak  of  their  production,  but  even  now  these  two  regions 

supply  half  of  all  soft 
woods  and  more  than  a 
third  of  woods  of  all 
varieties.  Four-fifths  of 
the  original  yellow  pine 
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From  The  Census  of  Manufactures, 
1921,  The  Lumber  Industry, 
Washington,  1923 


has  already  been  felled 
and  what  remains  is  be¬ 
ing  logged  three  times  as 
fast  as  it  is  grown.  With 
increasing  manufactur¬ 
ing  and  agricultural  in¬ 
dustries,  the  South  will 
soon  have  use  for  all  the 
yellow  pine  it  can  pro¬ 
duce.  The  swamp  for¬ 
ests  of  the  Gulf  reached 
their  maximum  output 
in  1913  and  it  is  esti¬ 
mated  that  another  ten  years  will  witness  their  extinction 


660  From  Harper’s  Weekly ,  June  5,  1886.  alter  a  drawing 
by  Charles  Graham 
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From  Bulletin  1119,  the  United  States  Department  ol  Agriculture,  1923 
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HARDWOOD  FOREST, 
NORTH  CAROLINA 
In  the  southern  Appalachians, 
southern  Ohio,  Indiana  and 
Illinois,  and  in  the  Ozarks,  is 
found  a  unique  forest  region. 
This  forest  is  composed  of  hard¬ 
woods  in  solid  stands,  a  situation 
unknown  elsewhere  in  the  world. 
These  stands  are  mixtures  of  oak, 
chestnut,  walnut,  cherry,  hickory, 
basswood  and  the  like.  Else- 
where  the  hardwoods  are  gener¬ 
ally  in  the  hands  of  small  owners 
and  logging  operations  are  on  a 
correspondingly  small  scale.  Since 
hardwood  grows  on  good  soil  and 
the  land  has  been  more  valuable 
for  farms  than  for  forests,  about 
four  fifths  of  the  original  sixty 
million  acres  of  hardwood  have 
been  sacrificed.  What  remains 
is  largely  in  the  southern  Appa¬ 
lachians. 


LOGGING  IN  THE 
ROCKIES 

The  Rocky  Mountain  forest  is 
unevenly  distributed  and  discon¬ 
tinuous,  due  to  the  character  of 
the  country,  its  altitude  and  rain¬ 
fall.  The  trees  are  soft  woods, 
chiefly  Douglas  fir,  western  yellow 

563  From  a  photograph  hy  the  United  States  Forest  Service  .  pine,  lodgepole  pine  and  larch. 

They  were  cut  first  in  the  early  ’fifties  to  supply  mining  operations,  but  to-day  much  of  the  product  is  shipped 
eastward  to  markets  in  the  Middle  West  and  on  the  Atlantic  seaboard.  Every  type  of  logging  found  else¬ 
where  in  the  United  States,  except  swamp  logging,  is  to  be  discovered  in  the  Rockies. 


From  a  photograph  by  the  United  States  Forest  Service 
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565  From  a  photograph  by  the  United  States  Forest  Service 

SLIDING  LOGS  DOWN  A  JLUME,  WYOMING 
Many  of  the  areas  in  the  Rockies  are  so  precipitous  that  the  only  means  of  transportation  is  to  slide  the  logs 
downhill  in  a  log  or  board  chute.  Where  water  is  available  the  chute  is  made  watertight  and  in  this  flume  the 
logs  are  dumped  to  float  and  slide  down  the  mountain  side  to  the  sawmill.  The  picture  shows  a  flume  with  log 
skids  alongside  ready  to  shove  logs  into  the  current.  A  flume  operates  faster  than  a  chute  because  the  water 
offsets  friction. 


RANCHER’S  SAWMILL,  MONTANA 

Much  of  the  Rocky  Mountain  forest  has  been  put  into  the  national  forest  system.  Since  this  system  en¬ 
courages  small-scale  logging  operators,  a  good  many  ranchers  use  their  spare  time  as  lumber  cutters  and 
sawmill  enterprisers. 
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THE  PACIFIC 
LUMBER  FIELDS 
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©  Darius  Kinsey,  Seattle.  Washington 


A  BIG  TREE, 
WASHINGTON 
The  outstanding  charac¬ 
teristics  of  the  west  coast 
forest  are  the  gigantic  size 
of  the  trees  and  the  jungle- 
like  growth  that  they  at¬ 
tain.  Nowhere  else  in  the 
United  States  have  cli¬ 
mate,  rainfall  and  altitude 
so  happily  combined  to 
produce  such  forest  giants. 
This  Washington  tree  was 
seventy-six  feet  in  circum¬ 
ference,  measured  one  and 
one  half  feet  from  the 
ground.  In  California,  in 
a  national  park  carefully 
preserved  from  the  lum¬ 
berman’s  ax,  is  a  group  of 
trees  even  larger  than  this. 
The  enormous  size  of  so 
many  of  the  Pacific  coast 
trees  raised  serious  prob¬ 
lems  for  the  lumberman. 
But  men  with  their  puny 
axes,  wedges  and  saws 
have  brought  these  huge 
giants  to  earth. 


The  last  great  timber  region 
of  the  United  States  is  the 
Pacific  coast,  where  almost 
a  third  of  our  remaining 
forest  now  stands.  The 
first  cutting  of  any  im¬ 
portance  in  this  region  was 
in  1845  on  Puget  Sound. 

Within  ten  years  lumbering 
became  and  still  remains 
the  principal  industry  of 
Washington.  The  business 
was  local  until  1894,  when 
the  Hill  railroads  reduced 
rates  on  eastbound  forest 
products,  a  move  which  brought  the  Pacific  coast  logging  and  lumber  industry  into  national  fame.  Washington 
became  the  leading  lumber  state  in  1905  and  has  never  been  displaced  from  that  position  since,  except  in  1914 

when  Louisiana  over¬ 
topped  it.  Douglas  fir  is 
the  leading  tree  in  the  Pa¬ 
cific  logging  operations,  al¬ 
though  half  a  dozen  other 
varieties  compete  with  it. 


THIS  REGION- 
CONSUMED  45% 
OF  OUR  LUMBER 
IN  1920 


THIS  REGION 
CUT  307o  or  OUR 
LUMBER  IN  1920 
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Courtesy  of  the  United  States  Department  of  Agriculture 
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CALIFORNIA 

REDWOODS 

There  is  a  relatively  small 
specialized  forest  north  of  San 
Francisco  known  as  the  Red¬ 
wood  Area.  The  redwood 
tree  is  large  in  size  and  the 
lumber  is  valuable  because  it 
is  well-nigh  fireproof  and  in¬ 
sect  proof.  Save  for  the  part 
which  is  set  aside  as  a  national 
park,  the  area  is  carefully 
logged.  The  redwood  is  the 
noblest  of  the  trees.  Its  ma¬ 
jestic  trunk  and  towering 
height  have  never  failed  to 
arouse  awe  and  wonder  in  the 
minds  of  all  who  have  passed 
through  its  forest  aisles. 


A  BUNK  HOUSE 
ON  RAILS 

The  Pacific  coast  lumber 
camps  are  sometimes  made  up 
of  shades  like  those  in  the 
South  Atlantic  forests.  Some 
too  are  houses  constructed  on 
railway  trucks  and  moved 
from  place  to  place  as  need 
arises.  Towns  like  this  are 
to  be  found  also  in  the  South 
Atlantic  forest. 


569  From  a  photograph  hy  the  United  States  Forest  Service 
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LOG  DRAGGED  BY  A 
TEN-HORSE  TEAM, 
WASHINGTON 

The  difference  in  topography  in  the 
timber  regions  of  the  Pacific  coast 
calls  for  a  variety  of  methods  of 
transporting  logs.  Where  the 
cutting  area  is  near  a  railway  line 
the  logs  are  often  dragged  along  the 
ground  by  horses  to  the  skid,  a  log 
structure  beside  the  rails  upon 
which  the  logs  are  to  be  piled  await¬ 
ing  shipment  by  car.  Notice  the 
great  waste  of  power  —  ten  horses 
and  four  men  —  to  move  one  log  by 
this  method.  This  waste  and  hence 
cost  prevents  the  method  from  be- 
Even  when  the  logs  were  small  enough  to  be  drawn  by  two  horses, 
the  friction  between  the  log  and  the  bare  ground  made  this  a  costly  method  of  haulage. 


571  Courtesy  ol  tlie  West  Coast  Lumbermen’s  Association,  Seattle 

ing  used  except  for  short  hauls. 


CUTTING  THE  TOP  OFF 
A  SPAR  TREE 
One  type  of  West  coast  felling  in¬ 
volves  “topping”  the  trees.  Trees 
that  are  to  be  used  for  spars  must 
have  the  top  removed  before  the 
tree  itself  is  cut.  This  is  to  prevent 
breaking  during  the  fall  at  a  point 
below  that  requisite  for  the  maxi¬ 
mum  length  of  the  spar.  The 
“tops”  that  are  cut  off  are  as  large 
as  many  trees  cut  elsewhere  in 
America.  The  task  of  cutting  these 
tops  is  not  one  to  be  undertaken 
lightly  or  inadvisedly.  The  lumber 
jack  here  becomes  a  steeple  jack. 
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573  From  a  photograph  by  the  United  States  Forest  Service 


DONKEY  ENGINE  SNAKING  LOGS  IN  A  CHUTE 
An  improvement  over  horse  traction  is  the  grooved  track  or  chute,  itself  made  of  logs,  used  as  a  guideway  for 
the  log’s  travel;  the  motive  power  is  a  stationary  steam  engine  from  which  cables  are  run  to  the  log  to  be 
moved.  Horses  are  used  also  in  connection  with  these  chutes  on  the  less  difficult  grades. 
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i  Danus  Kinsey 


STEAM  SKIDDER  HOISTING  A  LOG 

Steam  power  exerted  through  blocks  and  cables  is  used  to  pick  up  and  carry  logs  from  one  place  to  another  and 
to  pile  them  on  a  skidway  to  await  further  transportation. 
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©  Darius  Kinsey 


From  a  photograph  by  the  United  States  Forest  Service 


LOADING  LOGS 
ON  TO  FLAT 
CARS 

Steam  skidders  and  load¬ 
ers  at  the  upper  right 
load  logs  on  flat  cars  of  a 
logging  railway.  The  rail¬ 
way  may  take  the  logs  to 
a  sawmill  or  to  a  standard 
railway  for  further  trans¬ 
portation.  These  logs  are 
so  large  that  one  fills  a 
car. 


A  LOGGING 
RAILWAY  INCLINE, 
WASHINGTON 
Many  topographic  diffi¬ 
culties  must  be  sur¬ 
mounted  by  the  logging 
railways.  The  locomo¬ 
tive  is  here  dispensed  with, 
and  a  cable  attached  to  a 
stationary  engine  at  the 
top  of  the  grade  controls 
the  carloads  of  logs  on 
the  hill. 
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677  Courtesy  of  the  West  Coast  Lumbermen’s  Association 

A  CIGAR  RAFT  ON  THE  PACIFIC  COAST 

The  rivers,  sounds  and  coast  waters  of  the  Pacific  region  are  employed  to  float  logs  to  a  sawmill.  The  logs 
are  made  up  into  great  rafts  and  either  float  with  a  current  or  are  towed  by  steamboats. 

Similar  rafts  are  to  be  seen  on  the  Great  Lakes  and  Mississippi  River  and  once  in  a  while  elsewhere  in  the 
United  States.  Storms  break  up  these  rafts  and  scatter  the  logs  in  all  directions  to  be  a  menace  to  shipping. 
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AMERICAN  LUMBERMEN 

The  labor  force  of  our  lumber  camps  is  made  up  of  a  surprising  number  of  Americans.  In  the  hardwood  area 
about  eighty-five  per  cent  of  the  labor  is  American-born,  and  on  the  Pacific  coast  about  sixty  per  cent  are 
Americans,  while  in  New  England  only  a  little  less  than  half  of  the  woods  force  is  American.  The  southern 
section  of  the  Rocky  Mountain  forest  is  manned  predominantly  by  Americans.  The  forest  still  has  its  unique 
appeal  to  the  venturesome  American  blood. 
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A  GROUP  OF  FINNS 

Next  to  Americans,  Finns  are  the  most  familiar  type  to  be  found  in  lumber  camps.  They  are  most  numerous 
in  New  England  and  the  Lake  states  but  may  be  discovered  in  all  of  the  northern  forest  region. 


580  ©  Darius  Kinsey 

SWEDISH  LUMBERMEN 

After  the  Americans  and  Finns,  the  Swedes  are  our  lumbermen.  In  Sweden  itself  there  is  an  extensive  forest 
industry  so  it  is  not  astonishing  the  sons  in  America  take  to  the  wood  industries.  The  Swedes  are  most  numer¬ 
ous  in  the  lumber  camps  of  the  Lake  states. 
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GERMAN  LOGGERS 

Among  the  minor  national  elements  discoverable 
among  tree  cutters  and  sawmill  men  are  Germans 
(No.  581),  Austrians,  and  Russians.  New  England 
and  Lake  state  forests  attract  these  nationalities  in 
the  largest  numbers.  They  are  seldom  encountered 
elsewhere  except  occasionally  on  the  Pacific  coast. 
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FRENCH  CANADIANS  IN  THE 
MAINE  WOODS 

French  Canadians  in  small  numbers  —  about  five 
per  cent  of  the  total  —  may  be  seen  (No.  582)  in 
the  forests  of  New  England  and  the  north  Rocky 
Mountains.  They  make  excellent  loggers  but  find 
sufficient  market  for  their  abilities  in  Canadian 
forests,  so  that  not  many  of  them  drift  across  the 

line  into  American  camps. 


From  a  photograph  by  the  United  States  Forest  service 


NEGRO  LUMBERMEN, 
GEORGIA 

In  the  South,  both  along  the 
Atlantic  and  upon  the  Gulf, 
the  outstanding  lumber 
worker  is  the  negro.  A  few 
Mexicans  are  encountered 
also,  but  about  eighty  per 
cent  of  all  the  labor  is  made 
up  of  colored  men.  No  other 
men  could  stand  the  strenu¬ 
ous  work  of  logging  in  the 
heat  and  humidity  of  our 
southern  forests  and,  fur¬ 
thermore,  no  other  great 
source  of  labor  is  available 
in  these  regions. 


©  Keystone  View  Company 
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JAPANESE  LOGGERS 

Upon  the  Pacific  coast  there  are  a  few  Japanese  loggers  scattered  through  the  various  camps.  The  Japanese 
in  this  section  of  the  country  take  more  kindly  to  truck  gardening. 
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ITALIANS 

Italians,  likewise,  are  extremely  rare  among  our  logging  workers.  They  are  occasionally  seen  on  the  Pacific 
coast  and  in  the  forests  of  the  North  and  South  Atlantic. 
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PRIMITIVE  SAWS 

The  destination  of  the  logs  is  the  sawmill,  where 
they  are  cut  into  lumber  or  other  wood  forms. 

These  mills  are  everywhere  about  the  same  in 
essentials,  although  they  vary  in  size.  Small 
mills  usually  predominate  because  they  can  get 
close  to  the  cutting  area,  may  be  portable,  are 
easily  changed  to  accommodate  different  condi¬ 
tions  and  represent  the  least  capital  investment. 

More  than  two  thirds  of  all  the  sawmills  in  the 
country  are  small  (less  than  500,000  board  feet 
capacity) . 

The  simplest  and  most  ancient  method  of  sawing 
logs  was  by  means  of  the  whipsaw  or  sawpit,  a 
method  well  known  in  every  pioneer  community  in 
America  and  still  found  in  certain  remote  parts  of 
the  Appalachians  and  perhaps  elsewhere.  The  log 
is  generally  squared  roughly  with  a  broadax  and 
elevated  a  little  above  man  height  on  a  trestle. 

The  variant  is  to  place  the  log  over  a  pit,  hence  the 
two  names  “whipsaw”  and  “sawpit.”  In  either  case  one  man  stands  above  on  the  log  and  pulls  the  saw  up¬ 
ward  while  another  stands  below  and  pulls  the  saw  down.  The  cutting  stroke  is  the  downward  one.  The  saw 

itself  is  somewhat  like  a  gigantic  “bucksaw.”  A  mark  along 
the  upper  side  of  the  log  guides  the  worker.  From  one  to  two 
hundred  feet  represents  the  amount  of  lumber  that  can  be 
sawed  in  this  way  in  a  day. 
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Whipsaw,  Pennsylvania  backwoods,  from  a  photograph  by 
the  Pennsylvania  Department  oi  Forestry 


587  A  Sawpit,  from  The  Boot  of  English  Trades, 
London, 1818 
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Primitive  Mill  with  an  Up  and  Down  Saw,  Pennsylvania,  from  a  photograph 
by  the  Pennsylvania  Department  of  Forestry 


THE  UP  AND  DOWN  SAW 
The  first  advance  over  the  whipsaw  or 
sawpit  in  this  country  was  to  house  a 
saw  in  a  shelter  and  operate  it  with  an  up  and  down  motion  by  means  of  water  power.  The  saw  was  attached 
to  a  wooden  beam  which  in  turn  was  joined  to  a  crank  on  a  water  wheel.  The  other  end  of  the  saw  was  held 
taut  by  hitching  it  to  a  spring  pole.  The  beam  traveled  up  and  down  between  side  blocks  which  tended  to 
steady  the  motion.  The  log  was  mounted  on  a  crude  carriage  and  moved  forward  against  the  saw  by  a  ratchet. 
The  early  sawmills  of  the  country  in  pioneer  settlements  were  generally  of  this  type.  Such  a  saw  was  able 
to  turn  out  between  five  hundred  and  one  thousand  feet  of  lumber  in  a  day. 
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589  From  a  photograph  by  the  United  States  Forest  Service 

A  DOUBLE  EDGE  SAW 


To  save  the  waste  involved  in  an  up  and  down  motion,  circular  saws  have  been  introduced,  and  saws  made  of 
flexible  bands  running  over  a  pair  of  wheels.  Likewise  the  carriages  for  holding  and  moving  the  logs  have  been 
improved,  and  movable  tables  or  chains  for  transporting  material  about  a  mill  have  been  evolved.  On  the 
double  edge  saw  are  the  mechanical  “dogs”  that  hold  a  log  on  the  carriage  which  moves  forward  under  power 
on  its  own  track.  But  there  is  not  much  that  is  complicated  about  a  sawmill,  even  of  large  scale. 


690  From  a  photograph  hy  the  United  States  Forest  Service 


A  BAND  SAW,  VIRGINIA 

An  interesting  type  of  saw  is  a  band  saw  running  over  a  wheel.  A  corresponding  wheel  under  the  floor  keeps 
the  band  taut  and  permits  its  complete  circuit.  This  picture  also  shows  how  logs  are  “squared”  before  being 
sawed  with  another  saw  into  boards. 
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A  GANG  SAW,  MAINE 
To  avoid  the  necessity  of  moving  a  log 
carriage  back  and  forth  to  cut  boards  from 
it  one  at  a  time,  it  is  possible  to  saw  a  log 
at  one  operation  into  as  many  boards  as  it 
contains.  For  this  purpose  a  whole  row  of 
saws  are  set  up  together  as  far  apart  as  the 
desired  thickness  of  the  board,  and  then 
at  one  forward  movement  of  the  carriage 
the  whole  log  is  sawed  into  boards.  Such 
saws  are  called  “gang  saws.” 

The  carriage  must  move  the  log  against 
the  saws  slowly  to  give  time  for  the  cutting 
action,  but  if  they  returned  just  as  slowly 
much  time  would  be  lost;  mechanism  has 
been  devised  to  *jerk  the  carriage  back 
into  position  to  receive  another  log. 


A  SMALL  PORTABLE  SAWMILL 
A  portable  sawmill  outfit  may  be  very 
small.  There  are  scores  of  such  simple 
arrangements  hi  operation  in  the  logging 
country.  They  make  it  possible  after  a 
big  logging  operation  has  cut  over  an  area 
to  go  in  and  clean  up  the  odds  and  ends  of 
trees  left  by  the  larger  operation. 


591  From  a  photograph  hy  the  United  States  Forest  Service 


592  From  a  photograph  by  the  United  States  Forest  Service 
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From  a  photograph  by  the  United  States  Forest  Service 


SMALL  PERMANENT  MILLS 

A  somewhat  larger  outfit,  partly  protected  from  the  weather,  may  be  found  in  some  forests.  Though  it  is 
portable,  it  is  designed  to  stay  longer  in  one  place.  A  still  larger  and  more  permanent  mill  may  be  seen  below 
with  its  smoking  kiln  of  brick  at  the  right  for  the  drying  of  the  shingles  cut  from  the  surrounding  forest.  From 
a  distance  such  equipment  seems  rough  and  crude,  but  to  come  closer  and  to  examine  the  smoothly  running 
carriage  and  the  gleaming  saw  that  wails  as  it  cuts  the  log  from  end  to  end  is  to  discover  that  man  has  brought 
his  machines  even  to  the  wilderness.  The  sawmill  is  a  busy,  noisy  place  filled  with  the  smell  of  sawdust  and  of 
uncured  lumber. 
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MODERN  LARGE-SCALE  SAWMILL 

Large  mills  are  most  frequently  encountered  on  the  Pacific  coast  where  the  size  of  the  logs  requires  expensive 
machinery,  and  where  lumber  holdings  are  largest.  In  the  southern  states  for  similar  reasons  large  mills  are 
often  seen.  On  the  west  coast  about  a  third  of  the  mills  are  large-scale  and  in  the  South  about  a  fourth  would 
be  similarly  classed.  Hardly  a  tenth  of  the  mills  elsewhere  could  be  called  large  and  in  New  England  or  the 
Rocky  Mountains  it  would  take  long  and  diligent  search  to  find  a  large  sawmill. 

The  manufacturing  process  is  about  the  same  everywhere.  It  consists  of  squaring  the  log  —  that  is,  trimming 
off  the  bark  and  a  narrow  piece  of  the  wood  —  sawing  the  log  into  forms,  disposing  of  the  forms  and  removing 
the  waste.  Saws  and  movable  chains  are  the  essential  and  universal  mechanism  employed. 

The  interior  of  a  modern  large-scale  shingle  sawmill  looks  little  like  the  small-scale  one  but  resembles  any 
large-scale  manufacturing  industry  in  which  machinery  plays  a  large  part. 


SAWMILL  AND  POND,  LOUISIANA 


A  large-scale  sawmill,  viewed  from  across  the  pond  in  which  the  logs  are  retained  until  sawed,  does  not  look 
unlike  a  steel  plant.  Although  few  in  number  such  mills  saw  about  two-thirds  of  all  the  lumber  in  the  country. 
One  mill  may  saw  as  much  as  100,000  board  feet  of  lumber  in  a  day.  This  is  a  thousand  times  as  much  as  a 
whipsaw  pair  could  do  in  a 
day  and  about  twice  as  much 
as  the  small  outfits  turn  out 
in  a  month.  Yet  the  large 
mill  is  temporary.  With  the 
passing  of  big  timber  and 
large  logging  operations  it 
will  go.  The  dome-shaped 
structure  at  the  left  is  for 
burning  refuse  wood.  In 
thickly  settled  districts  some 
of  the  refuse  may  be  sold  or 
given  away  for  firewood.  If 
the  wood  is  of  the  proper 
sort,  some  of  the  refuse  may 
be  distilled. 


596 


From  a  photograph  by  the  United  States  Forest  Service 
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697  Courtesy  of  the  Great  Southern  Lumber  Company,  Bogalusa,  La. 

DRYING  YARD,  LOUISIANA 

After  lumber  is  sawed  in  a  mill  it  must  be  “cured,”  that  is,  it  must  be  permitted  to  dry  and  season.  To  save 
time,  this  is  sometimes  done  in  a  “kiln.”  A  slower  but  better  method  is  to  pile  the  lumber  out  in  the  air  in  such 
a  way  that  the  air  can  circulate  around  the  lumber  and  gradually  dry  and  season  it.  Sometimes  a  shed  roof 
is  erected  above  the  piles  but  the  sides  are  left  open  to  the  air. 


AFTER  THE  AX,  THE  DESERT 

The  sacrifice  of  timber  to  pay  taxes  and  carrying  charges  on  the  land,  the  isolation  of  timber  lands  causing 
logging  operations  to  be  carried  on  continually  regardless  of  the  market,  fire,  and  the  competition  between 
regions,  have  all  contributed  to  the  butchery  of  American  forests.  The  amount  of  waste  land  formerly  in 
forest  is  an  area  greater  than  the  combined  forest  lands  of  France,  Belgium,  Holland,  Denmark,  Germany, 
Switzerland,  Spain  and  Portugal.  And  we  are  adding  to  this  idle  land  at  the  rate  of  ten  million  acres  a  year. 


From  a  photograph  by  the  United  States  Department  of  Agriculture 
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599  Courtesy  of  the  United  States  Forest  Service 


UNITED  STATES  NATIONAL  FORESTS 

It  was  not  until  1891  that  the  nation  took  its  first  step  toward  a  wise  forest  policy.  In  that  year  a  five-line 
rider  on  an  irrelevant  act  authorized  the  President  to  withdraw  public  forest  lands  from  private  exploitation. 
This  well-nigh  surreptitious  authority  was  seized  immediately  by  the  President  and  the  policy  of  reservation 
began.  The  words  “forest  reserves”  have  a  psychological  interest  because  they  indicate  the  original  purpose 
of  national  forests,  namely  to  withhold  them  from  use  until  future  times.  Gradually  public  opinion  has  inclined 
to  the  view  that  the  purpose  of  reserving  forests  for  the  future  is  not  inconsistent  with  their  use  in  the  pres¬ 
ent.  So  long  as  the  cut  each  year  does  not  exceed  the  annual  growth,  the  forest  as  a  whole  will  be  preserved. 
Indeed,  judicious  cutting  is  advantageous  in  pro¬ 
moting  growth.  In  1907,  to  escape  the  implication 
of  the  name  “reserves,”  Congress  changed  it  to 
“national  forests.”  By  1922  as  much  as  twenty-one 
per  cent  of  all  standing  timber  had  been  brought 
under  governmental  authority.  The  total  area  of 
reserves  —  one  hundred  and  eighty  million  acres  — 
is  larger  than  Texas. 

GOVERNMENT  FIRE  OBSERVATORY, 

COLORADO 

But  the  ax  and  saw  have  not  been  more  destruc¬ 
tive  to  trees  than  fire.  The  annual  loss  due  to  this 
cause  is  equal  to  three  per  cent  of  the  total  amount 
of  wood  consumed,  and  measured  in  dollars  is 
equivalent  to  twenty-five  millions.  Lightning,  the 
carelessness  of  campers,  sparks  from  locomotives, 
lighted  objects  thrown  from  car  windows,  lumber¬ 
ing  heedlessness,  and  incendiarism  are  important 
causes  of  forest  fires.  Trees  that  are  not  consumed 
are  so  injured  that  they  die  and  the  very  soil  of 
the  forest  floor  is  either  reduced  in  fertility  or  left 
sterile.  The  first  step  in  conservation  is  provision 
for  fighting  fire.  From  watch  towers,  raised  high 
above  the  forest,  a  constant  lookout,  for  fire  or 
smoke,  is  maintained. 
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THE  MAKING  OF  PAPER 

MEN  have  recorded  their  deeds  and  thoughts  upon  stones,  flat  surfaces  of  baked 
clay,  boards,  the  impressionable  surface  of  parts  of  plants,  wax,  skins  of  animals, 
papyrus,  and  parchment.  But  the  most  important  material  to  preserve 
writing  and  printing  has  been  paper. 

Paper  has  been  manufactured  from  some  four  hundred  different  fibrous  raw  materials 
by  reducing  the  fibers  to  a  pulp  and  then  pressing  the  pulp  into  a  sheet.  To  make  a  smooth 
surface,  minute  spaces  in  the  pressed  and  dried  pulp  sheet  have  been  filled  with  a  variety 
of  substances.  Despite  the  kinship  of  the  words  the  Egyptian  papyrus  was  not  the 
original  “paper.”  Although  papyrus  was  a  writing  material,  it  was  manufactured  by 
slicing  the  stalk  of  a  rush-like  plant  into  thin  longitudinal  sheets  and  gumming  these  sheets 
together.  This  process  was  essentially  different  from  that  employed  in  manufacturing 
paper,  wherein  fibrous  raw  materials  are  first  reduced  to  a  pulp  before  being  formed  into 
a  sheet.  That  is,  papyrus  was  a  sheet  derived  from  nature,  whereas  paper  is  a  sheet  made 
artificially. 

The  Chinese  are  credited  with  the  invention  and  use  of  real  paper  about  95  a.d. 
Paper  making  was  introduced  into  Europe  when  an  Arabian  tribe,  the  Saracens,  conquered 
Spain  in  the  eighth  century.  The  Arabians  gave  Europe  both  the  paper  and  the  numerals 
to  put  upon  it,  so  one  might  say  they  were  the  founders  of  the  world’s  great  army  of 
bookkeepers.  From  Spain  the  art  of  paper  manufacture  spread  northward  into  the 
Low  Countries  and  Germany. 

Since  European  paper  was  manufactured  from  linen  rags,  and  inasmuch  as  the  British 
clothed  themselves  in  wool  or  leather,  the  British  were  among  the  last  Europeans  to  make 
their  own  paper;  indeed,  they  did  not  establish  the  industry  until  1688,  just  two  years 
before  the  first  paper  mill  was  set  up  in  America.  This  being  the  case,  it  was  not;  the 
British  colonists  that  one  would  expect  to  inaugurate  paper  manufacture  in  America, 
but  rather  the  Dutch  and  Germans  who  had  settled  in  Pennsylvania,  and  it  was  here 
that  paper  manufacture  was  begun  in  1690. 

The  development  of  the  making  of  paper  has  been  controlled  by  certain  changes  in 
American  life.  The  greatest  of  these  has  been  the  increase  in  population  and  along  with 
it  the  rise  of  the  newspaper  and  the  magazine.  As  the  nineteenth  century  drew  to  an  end 
newspapers  and  magazines  began  to  increase  in  number  and  in  circulation.  The  twentieth 
century  has  seen  an  expansion  in  this  field  without  precedent  in  world  history.  The 
demand  for  cheap  paper  has  been  enormous.  Wood  pulp  has  offered  the  best  solution  to 
the  problem,  and  armies  of  axmen  have  invaded  the  dwindling  forests  to  supply  the  need. 
The  demand  for  high  grade  paper  has  increased  with  the  growth  of  population  and  the 
mounting  wealth  of  the  nation.  The  business  of  making  paper  has  become  a  most 
important  national  and  international  enterprise. 

Like  most  ancient  arts,  paper  making  at  first  was  a  handicraft  and  a  highly  skilled 
one.  For  a  thousand  years  after  the  art  was  introduced  into  Europe  the  hand  paper  maker 
ruled  supreme  in  the  business.  Compared  with  this  long  record  of  handwork,  it  was 
only  yesterday  that  mechanical  appliances  entered  this  industry.  But  in  few  arts  was 
the  shift  from  manual  to  mechanical  operation  so  complete  when  it  first  took  place. 
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601  The  Third  Rittenhouse  Mill,  built  ca.  1770,  from  a  photograph  ca.  1897,  courtesy  of  the  Lockwood  Trade 

Journal  Company,  New  York 


THE  FIRST  PAPER  MILL  IN  AMERICA,  1690 
Paper  manufacture  began  in  America  as  a  result  of  the  personal  ambition  of  two  men.  One  of  these  was 
William  Bradford,  an  Englishman  who  set  up  a  printing  establishment  in  Philadelphia,  and  became  the  first 
really  great  printer  and  publisher  in  America.  Hampered  by  his  dependence  upon  Europe  for  paper,  he  went 
into  partnership  with  William  Rittenhouse,  a  Rhenish  German,  whose  ancestors,  as  well  as  himself,  were 
paper  makers.  The  partners,  Bradford  and  Rittenhouse,  together  with  three  other  men  who  furnished  the 
necessary  capital,  leased  land  and  erected  a  mill  on  Wissahickon  Creek  at  Germantown,  near  Philadelphia, 
in  1690.  There  the  first  paper  in  America  was  made.  Rittenhouse,  the  practical  man  of  the  partnership, 
had  bought  out  the  other  partners  by  1704  and  so  became  sole  proprietor  of  the  enterprise.  The  first  small 
mill  was  destroyed  by  a  flood  in  1701,  but  a  second  was  erected  during  the  next  year.  Four  other  paper 
mills  were  built  in  the  same  vicinity  by  members  of  the  Rittenhouse  family  of  different  generations.  The 
third  mill,  shown  above,  remained  standing  until  the  close  of  1900.  The  site  of  these  famous  Rittenhouse  mills 
is  now  part  of  Fairmount  Park,  Philadelphia. 

AN  EARLY  WATERMARK  OF  THE 
RITTENHOUSE  MILL 

Paper  makers  distinguish  their  product  by  what  is 
called  a  “watermark.”  This,  like  the  mark  “sterling” 
silver,  is  a  relic  of  craft  guilds.  The  watermark  first 
appeared  in  European  paper  in  1498.  The  paper 
watermark  is  produced  by  placing  a  wire  pattern  in  the 
wet  pulp  before  the  paper  sheet  is  formed.  This  thins 
the  pulp  at  that  point  and  produces  a  design  that  may 
be  seen  when  the  sheet  is  held  to  the  light. 

The  first  watermark  used  by  William  Rittenhouse 
was  the  one  word,  “Company.”  It  was  replaced  by 
the  mark  shown  here,  the  design  of  which  consisted 
of  a  jleur-de-lis  bearing  on  its  face  a  clover  leaf,  the 
town  shield  of  Germantown.  Rittenhouse  watermarks 
can  be  found  on  many  books,  letters  and  newspapers  of 
the  early  eighteenth  century .  The  N ew  I  orlc  Gazette, 
begun  in  1725  by  William  Bradford,  bears  a  Ritten¬ 
house  watermark.  The  mark  of  the  Rittenhouse  mills 
can  also  be  found  on  the  paper  of  the  American  Weekly 
Mercury,  begun  at  Philadelphia  in  1719  by  Andrew 
Bradford. 


602  Facsimile  from  The  Pennsylvania  Magazine  oj  History 
and  Biography,  Philadelphia,  1896 


246 


THE  PAGEANT  OF  AMERICA 


THE  WILLCOX  IVY  MILLS,  1729 
The  paper-making  enterprise  of  William 
Rittenliouse  was  imitated  in  the  same 
neighborhood  in  1710  by  William  De 
Wees,  a  connection  of  Rittenliouse  by 
marriage.  The  third  important  venture 
in  paper  manufacture  was  not  inaugu¬ 
rated  until  1729  when  an  English  immi¬ 
grant  named  Thomas  Willcox,  trained  as 
a  paper  maker,  built  a  paper  mill  on  the 
west  branch  of  Chester  Creek  near 
Philadelphia.  Thomas  Willcox  and  his 
son  Mark  made  paper  in  this  mill  contin¬ 
uously  for  ninety-eight  years,  and  grand¬ 
sons  carried  it  on  until  1854.  Paper  for 
Benjamin  Franklin  was  manufactured  in 
the  Willcox  mill,  and  paper  for  bank  notes  for  the  United  States  and  various  state  and  foreign  governments 
was  also  made  there.  The  Willcox  mill  identified  its  product  by  a  watermark  of  the  dove  and  olive  branch. 

The  second  Willcox  mill  was  built  one  hundred  years  later,  but  upon 
the  same  site  and  foundations. 


603 


The  Second  Willcox  Mill,  1829,  from  Henry  Graham  Ashmead,  History 
of  Delaware  County,  Pennsylvania ,  Philadelphia,  1884 


604  An  Early  Watermark  of  the  Willcox  Mill,  fac¬ 
simile  from  the  Lancaster  County  Historical  So¬ 
ciety  Payers,  Vol.  I,  1897 

THE  FIRST  PAPER  MILL 
IN  MASSACHUSETTS,  1728 
The  readiest  market  for  domestic 
paper  was  in  Boston,  which  had  the 
largest  number  of  printers,  yet  there 
was  no  effort  to  establish  paper 
making  in  Massachusetts  until  after 
there  were  three  mills  in  Pennsyl¬ 
vania,  and  one  in  New  Jersey. 

Skilled  paper  makers  were  lacking 
in  New  England  and  rag  raw  ma¬ 
terial  was  not  so  easy  to  secure  as 
in  Philadelphia,  then  the  largest 
American  city.  Furthermore,  New 
England’s  prosperous  commerce  en¬ 
abled  that  section  to  import  easily 

what  paper  was  needed.  605  •  From  a  sketch  made  for  the  Old  Colony  Trust  Company.  Boston 

In  1728,  however,  a  group  of  prominent  citizens  in  Massachusetts  petitioned  for  and  received  from  the 
General  Court  a  charter  to  manufacture  paper  and  to  obtain  a  ten-year  monopoly  in  the  same.  The  prime 
movers  in  this  petition  and  grant  were  Daniel  Henchman,  a  wealthy  bookbinder,  bookseller  and  publisher  of 
Boston;  Henchman  s  son-in-law,  Thomas  Hancock,  another  bookseller  and  uncle  of  the  signer  of  the  Declara¬ 
tion  of  Independence;  Benjamin  Faneuil,  father  of  Peter  Faneuil;  and  Henry  Dering,  a  practical  mill 
A  null  was  built  at  Milton,  where  paper  continued  to  be  made  for  three-quarters  of  a  century. 
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606  The  Ephrata  Paper  Mill  (left  corner),  from  a  photograph,  1890,  by  Julius  F.  Sachse 


THE  PAPER  MILL  OF  THE  EPHRATA  BROTHERHOOD 
The  Milton,  Massachusetts,  mill  was  followed  by  others  both  in  Maine  and  Massachusetts,  but  except  for  local 
fame  they  did  not  vie  with  the  mills  around  Philadelphia.  Meanwhile  the  Pennsylvania  industry  had  had 
another  mill  added  to  its  roll.  This  one  was  noteworthy  because 
started  by  a  branch  of  the  Pietists  of  Germany,  who  had  settled  in 
Pennsylvania  and  organized  a  communistic  social  settlement  called 
Ephrata.  The  Ephrata  mill  was  built  about  1736  and  continued  in 
operation  as  late  as  1784.  At  one  time  the  Ephrata  mill  was  the 
largest  producer  of  paper  in  all  the  colonies.  One  of  the  most  famous 
books  printed  on  Ephrata  paper  was  the  Christopher  Saur  Bible  of 
1743,  the  second  Bible  in  America  and  printed  in  German. 


F  E 


607  Ephrata  Watermarks,  from  Julius  F.  Sachse,  The  Ephrata  Paper  Mill,  In  Lancaster 
County  Historical  Society  Papers,  Vol.  X,  1897 

THE  FIRST  PAPER  MILL  IN  CONNECTICUT 
Connecticut  had  no  paper  mill  until  1766,  when  Christopher  Leffing- 
well  erected  a  mill  at  Norwich  on  the  Yantic  River  at  the  head  of  the 
Thames.  This  mill  made  all  kinds  of  paper,  including  cartridge.  An 
account  of  the  battles  of  Lexington  and  Concord  was  printed  upon 
Leffingwell  paper  in  1775  by  the  Connecticut  Gazette.  The  mill  was  still 
operated  within  the  memory  of  living  men.  A  century  after  the 
founding  of  the  Leffingwell  mill  Norwich  had  the  largest  newsprint 
paper  mill  in  America. 


608  Christopher  Leffingwell,  1734-1810,  from 
a  silhouette  formerly  In  the  possession  of 
W.  P.  Huntington,  Columbus,  Ohio 
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609  The  Thomas  Paper  Mill,  built  1793,  from  the  Proceedings  of  the  Worcester  Society  of  Antiquity,  1886, 

after  an  old  woodcut 


ISAIAH  THOMAS,  1749-1831,  A  NOTED  PAPER  MANUFACTURER 


Isaiah  Thomas,  one  of  the  foremost  printers  and  publishers  of  his  day,  was  the  producer  of  several  editions  of 
the  Bible,  besides  many  books  dealing  with  law,  history  and  philosophy.  Four  newspapers  were  among  his 

enterprises,  one  of  which,  the  famous  Massachusetts 
Spy,  caused  him  to  flee  from  Boston  to  escape  seizure 
by  the  British  during  the  Revolution.  He  started 
his  business  again  in  Worcester,  but  finding  it  diffi¬ 
cult  to  transport  all  the  paper  he  needed  from  Boston, 
he  endeavored  to  interest  local  people  in  paper  manu¬ 
facture.  Two  mills  were  eventually  started  as  the 
direct  result  of  Thomas’  insistence:  one  at  Sutton, 
built  in  1778,  the  other  at  Worcester  in  1793.  These 
were  the  first  paper  producers  in  central  Massachu¬ 
setts,  and  they  led  the  industry  from  the  New  England 
coast  towns  westward  to  the  Berkshire  valley,  at  a 
later  day  the  most  famous  center  for  paper  manu¬ 
facture. 


610  From  the  portrait  of  Isaiah  Thomas  by  Ethan  Allen  Greenwood, 
in  the  collection  of  the  American  Antiquarian  Society,  Worcester 

AN  EARLY  SCARCITY  OF  RAGS 
Colonial  paper  mills  were  few  in  number  and  greatly 
handicapped.  There  was  a  great  scarcity  of  skilled 
paper  makers  and  greater  dearth  of  mechanics  trained 
in  the  arts  of  manufacturing  paper  mill  equipment. 
But  the  greatest  drawback  of  all  was  the  impossi¬ 
bility  of  securing  enough  linen  or  cotton  rags  for  raw 
materials.  Advertisements  urging  housekeepers  to 
save  their  cloth  scraps  yielded  scant  results. 


READY  MONEY 

For  Clean  LINEN  RAGS, 

May  be  had  from  H.  G  A I N  E. 

AND  for  the  further  Encouragement  of  fucb  poor  Per¬ 
iostea  are  wi  ling  to  employ  them fel res  in  procuring  < 
RAGS,  the  following  Premiums  will  be  given.  ' 

To  the  Peribn  that  deliver*  the  'greatett  Quantity  of  ’ 
good  clean  dry  Linen  Rag*  to  B.  Gaine,  in  the  Year  1765, 

I  not  left  than  looolb.  TEN  DOLLARS,  betide*  being  < 
paid  the  foil  Value  of  the  Rag*.  1 

To  the  Perfon  Uiat  deliver*  the  fecund  great  eft  Quan¬ 
tity  of  Rag*,  of  the  fame  Kind,  not  left  than  loo IS.  in 
)  tbe  Year  1765,  EIGHT  DOLLARS.  < 

To  the  Perlon  that  deliver*  the  third  greateft  Quantity  ! 
of  Rag*,  of  the  fame  Kind  likewile,  in  the  Year  176?, 
FIVE  DOLLARS.  ’ 

>  A  Book  will  be  kept  to  enter  the  Name*  of  all  fuch  Per-  { 
fon*,  a*  bring  Rags,  and  the  Quantity  they  deliver  j  and 
a  the  Premium*  will  be  paid  the  firft  Day  of  the  Year  1766, 

H.  CAINE. 


611  From  The  New  York  Mercury ,  Jan.  7,  1765 

Prizes  were  offered  by  associations  such  as  the  American  Philo¬ 
sophical  Society  to  the  family  that  saved  the  most  rags  and  also  to  the  individual  whose  record  was  highest. 
These  prizes  were  in  addition  to  the  price  paid  for  the  rags.  Legislation  compelling  people  to  save  rags  met 
with  little  response,  for  the  colonists  did  not  have  rags  to  throw  away,  give,  or  sell.  Consequently  the  paper 
industry,  with  scant  supply  of  materials,  was  everywhere  conducted  upon  a  small  scale. 
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AMERICAN  INVENTORS  OF  PAPER-MAKING  MACHINERY 
From  1690,  when  Rittenhouse  built  his  first  paper  mill,  to  the  time  when  power  machinery  was  introduced,  the 
manufacture  of  paper  remained  a  small-scale,  scattered  industry,  dependent  upon  the  regional  supply  of  raw 
material.  The  only  important  mechanism  that  had  entered  the  business  was  a  machine  introduced  about 
1750  for  washing  the  rag  scraps,  tearing  apart  the  fibers  and  reducing  them  to  a  pulp.  Significantly  this 
machine  was  called  a  “hollander,”  a  trade  name  still  attached  to  it. 

But  the  “hollander”  merely  prepared  the  raw  material.  The  first  machine  for  making  paper  in  America 
was  invented  by  Thomas  Gilpin  in  1816,  one  of  two  brothers  who  for  fifty  years  operated  a  paper  mill  on  the 
Brandywine  near  Wilmington,  Delaware.  Gilpin’s  machine  was  merely  a  cylinder,  making  paper  continuously 
and  in  endless  lengths,  instead  of  sheets,  as  had  previously  been  the  case  in  hand  manufacture. 

In  August,  1817,  Gilpin  put  the  machine  into  operation  in  his  mill  and  ran  off  what  is  generally  credited  as 
being  the  first  machine-made  paper  produced  in  this 
country.  News  of  the  invention  spread  rapidly,  and 
for  a  time  the  Gilpins  reaped  a  golden  harvest.  They 
made  every  effort  to  keep  their  machine  a  secret  but 
eventually  competitors  learned  the  process,  both  from 
Gilpin  workers  and  from  similar  but  better  machines 
that  had  come  into  use  in  Europe  seven  years  before 
Gilpin’s  independent  invention. 

Another  great  paper  manufacturer,  John  Ames  of 
Springfield,  Massachusetts,  tried  to  invent  and  intro¬ 
duce  a  machine  for  making  paper.  It  is  supposed 
that  Ames  was  able  to  learn  the  secret  of  the  Gilpin 
machine,  but  at  any  rate  he  obtained  in  1822  a 
patent  for  a  better  cylinder  machine  and  proceeded 
to  use  it  in  his  mill.  A  rival  manufacturer  hired 
Ames’  foreman,  and  the  rival  soon  had  an  Ames 
machine  in  operation.  This  action  resulted  in  a  long 
drawn  legal  battle  over  patent  rights.  Litigation  also 
between  Gilpin  and  Ames  delayed  the  use  of  ma¬ 
chinery  in  American  paper  making.  As  a  matter  of 
fact  neither  of  their  machines  was  the  one  finally 
adopted  either  in  America  or  abroad.  The  honor  of 
inventing  the  machine,  now  universally  used  for 

paper  making,  goes  to  a  r  rencnman.  Handbook  of  Springfield,  New  York,  1884 
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Bryan  Donkin’s  Fourdrinier,  1808,  from  a  model  in  the  South  Kensington  Museum,  London 

THE  INTRODUCTION  OF  THE  FOURDRINIER 


Uong  before  either  Gilpin  or  Ames  had  invented  their  American  cylinder  paper-making  machines,  a  French¬ 
man,  Nicholas  Louis  Robert,  had  solved  the  mechanical  problem  of  manufacturing  paper  in  a  continuous 
sheet  by  means  of  an  endless  wire  band  passing  between  two  squeezing  rolls.  Robert,  an  employee  of  St.  Leger 
Didot,  a  member  of  a  family  of  famous  publishers  and  the  owner  of  a  paper  null  at  Essonne,  obtained  his 
French  patent  in  1799.  This  was  transferred  from  Robert  to  Didot  who  in  turn  interested  his  brother-in- 
law,  John  Gamble,  who  took  out  English  patents  on  the  device.  In  England  a  well-known  firm  of  wholesale 
stationers,  Henry  and  Sealey  Fourdrinier,  were  influenced  by  Gamble  and  Didot  to  finance  the  English 
patents.  The  Fourdriniers  associated  with  themselves  a  skilled  machinist,  Bryan  Donkin  by  name,  who  took 
Robert’s  basic  idea  and  so  improved  it  that  a  new  British  patent  was  secured  in  1807.  The  Fourdriniers  sank 
three  hundred  thousand  dollars  in  experiments,  publicity  and  sales  campaigns  for  the  paper  machine  and 
not  only  brought  financial  ruin  to  themselves,  but  also  to  Gamble,  Didot  and  Robert.  The  French  govern¬ 
ment  awarded  Robert  about  two  thousand  dollars  for  his  invention  and  that  was  all  he  ever  got  out  of  it.  The 
Fourdriniers,  too,  in  1840  were  granted  thirty-five  thousand  dollars  by  the  British  Parliament  in  recognition  of 
their  contribution  to  the  world;  this  small  sum  together  with  the  honor  of  having  their  name  attached  to 
the  machine  were  the  sole  returns  to  the  brothers  Fourdrinier.  Bryan  Donkin  alone  made  considerable  profit 
out  of  the  device  by  manufacturing  and  selling  it.  The  essential  principles  of  the  Fourdrinier  machine  have 
never  been  changed.  The  only  improvements  have  been  to  make  it  longer,  wider,  and  faster  in  operation. 


THE  FIRST  PAPER  MILL  IN  HOLYOKE,  1853 


The  Fourdrinier  machines  were  but  slowly  introduced  into  American  paper  mills.  None  were  installed  until 
1825.  The  competition  of  the  Gilpin  and  Ames  machines  retarded  recognition  of  the  Fourdrinier.  Moreover, 
it  was  a  costly  project  to  import  Fourdriniers  from  Great  Britain.  But  by  far  the  most  important  reason  why 
machinery  was  so  slow  in  making  its  appearance  in  our  mills  was  the  lack  of  transportation.  The  machines 
called  for  more  raw  material  than  any  locality  could  procure;  consequently,  until  communication  was  so 
improved  that  one  town  could  call  upon  the  nation  for  rag  supplies,  and,  conversely,  the  nation  could  fulfill  its 
wants  for  paper  from  the  product  of  a  few  well-located  mills,  the  advance  of  paper-making  mechanisms  was  curbed. 

The  first  effect  of  the  Fourdrinier  machine  was  to  intensify  a  movement  for  the  centralization  of  paper  manu¬ 


facture  that  had  already  begun.  The  establishment 
supplied  a  large  amount  of  cotton  rags  in  mill  ends 
from  the  environs  of  Philadelphia  to  New  England, 
trating  about  Boston,  Worcester  and  the  Berkshire 
valley.  The  latter  was  assuming  leadership  because 
of  an  advantage  in  purity  of  water  and  air,  when  ma¬ 
chinery  entered  the  business  and  changed  its  destinies. 
The  Fourdrinier  was  a  large,  heavy  running  machine 
demanding  a  great  deal  of  mechanical  power,  such 
as  could  be  obtained  at  Holyoke,  Massachusetts, 
where  the  large  volume  of  the  Connecticut  River  falls 
seventy  feet  within  a  distance  of  two  miles.  The  first 
firm  of  paper  makers  to  take  advantage  of  this  location 
was  the  Parsons  Paper  Company,  which  began  opera¬ 
tions  in  Holyoke  in  1853.  Within  a  quarter  of  a  century 
Holyoke  became  the  largest  producer  of  fine  writing 
paper  not  only  in  this  country,  but  also  in  the  world. 


of  the  cotton  industry  in  Massachusetts,  after  1790, 
and  wastes.  This  tended  to  pull  the  paper  industry 
Within  New  England,  paper  making  was  concen- 


615  The  Parsons  Paper  Mill,  from  The  City  of  Holyoke,  Its  Water 
power  and  Its  Industries,  Springfield,  Mass.,  1875 
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The  Burgess  Mill,  Royer’s  Ford,  Pa.,  from  Futhey  &  Cope,  History  of  Chester  County,  Philadelphia,  1881 


WOOD  PULP,  A  NEW  RAW  MATERIAL 

The  demand  for  paper  was  incessant  and  constantly  growing.  The  Fourdriniers  made  large  output  possible, 
but  the  supply  of  rag  raw  material  was  so  limited  — -  despite  importation  of  rags  —  that  it  held  the  paper 
industry  in  leash.  The  only  way  out  of  the  difficulty  was  to  discover  a  substitute  for  rags  as  raw  material. 
Among  the  most  promising  seemed  to  be  old  rope, 
straw,  and  waste  paper,  but  none  of  these  solved 
the  problem.  Finally,  a  wasp  furnished  the  answer. 

Observations  upon  the  building  of  a  wasp  nest  —  so 
it  is  said  —  suggested  the  possibility  of  using  wood  for 
a  paper  raw  material.  The  first  practical  process  for 
reducing  wood  to  pulp  was  by  means  of  chemicals. 

The  wood  was  chipped  into  small  pieces,  and  put  into 
a  large  tank  with  water  and  soda.  The  soda  reduced 
the  components  of  the  wood  except  the  fibrous  cellu¬ 
lose  which  remained  the  basis  for  the  making  of  paper. 

The  first  successful  application  of  this  idea  was  made 
by  Hugh  Burgess,  an  English  inventor  and  immigrant 
to  America.  In  conjunction  with  Morris  L.  Keen  of 
West  Philadelphia,  Burgess  started  the  manufacture 
of  soda  pulp  paper  in  mills  constructed  for  that  purpose 
at  Royer’s  Ford  and  at  Manayunk  on  the  Schuylkill 
River  within  the  environs  of  Philadelphia.  The  busi¬ 
ness  in  1863  was  organized  as  the  American  Wood 
Paper  Company.  These  mills  and  this  company,  with 
Burgess  as  the  guiding  mind,  should  be  credited  with 
the  first  successful  large-scale  manufacture  of  wood 
pulp  paper  in  America.  The  soda  process,  however, 
has  been  since  almost  entirely  superseded  by  other 
chemical  methods  of  “digesting”  wood  into  pulp. 

617  Hugh  Burgess,  from  an  engraving  In  Futhey  &  Cope, 

History  of  Chester  County,  Philadelphia,  1881 
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618  The  Curtisville  Mill,  from  a  photograph,  ca.  1897,  courtesy  of  the  Lockwood  Trade  Journal  Company 

THE  FIRST  MECHANICAL  PULP  MILL,  1867 
The  manufacture  of  wood  pulp  by  chemical  means  is  slow  and  relatively  expensive.  The  search  for  a  cheaper 
method  resulted  in  grinding  small  chunks  of  wood  against  grindstones  until  the  wood  was  reduced  to  fine  shreds 
which  were  then  put  through  the  regular  pulp  making  processes.  The  first  men  in  America  to  make  mechani¬ 
cal  pulp,  as  distinguished  from  chemical  pulp,  were  the  brothers  Albrecht,  Alberto  and  Rudolph  Pagenstecher. 
These  men  studied  the  German  mills  where  the  process  had  been  brought  to  some  success  and  then  tried  it 
out  in  a  small  mill  erected  for  the  purpose  in  Curtisville  near  Stockbridge,  Massachusetts,  in  1867.  This  was 
the  pioneer  mechanical  pulp  mill  of  America. 

A  HUNDRED  THOUSAND  CORDS  OF  PULP  WOOD 
Within  fifty  years,  mechanical  pulp  has  revolutionized  the  paper  business,  and  ground  wood  pulp  now 
dominates  the  industry.  Because  the  grinding  makes  fibers  small,  paper  made  entirely  of  mechanical  pulp 
is  wreak,  so  generally  it  has  some  small  amount  of  chemical  pulp  or  rag  mixed  with  it  to  give  strength.  The 
largest  market  for  paper  is  the  newspaper,  and  nearly  all  newsprint  and  some  book  paper  is  made  from 
mechanical  pulp  mixed  somewhat  either  with  chemical  or  rag  pulp. 

The  large  output  of  paper  to-day  depends  upon  mechanically  ground  wood  pulp.  Since  it  requires  from 
sixty -six  and  two-thirds  to  one  hundred  horse  power  to  grind  one  ton  of  wood  mechanically  and  since  we  con¬ 
sume  more  than  a  million  tons  of  wood  annually  in  the  manufacture  of  this  variety  of  paper,  it  is  apparent  that 
cheap  power  is  an  essential. 

The  cheapest  power  is  that  obtained  from  water;  consequently  the  modern  paper  industry  must  seek  the 
largest  available  water  power  sites.  In  the  past,  when  rags  were  the  raw  materials,  paper  mills  were  city 
projects;  to-day  they  tend  to  become  backwoods  enterprises,  in  so  far  as  cheap  papers  are  concerned. 

The  best  paper  is  still  made  from  rags  and  the  mills  that  produce  it  are  often  city  enterprises.  Chemical 
pulp  mills  too  may  be  set  up  in  cities,  but  the  great  bulk  of  the  paper  made  is  from  mechanical  pulp  and  these 
mills  are  all  as  close  to  the  forests  as  they  can  get. 


Courtesy  of  the  Burgess  Sulphite  Mill,  Brown  Paper  Co.,  Berlin,  N.  H. 
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MAKING  OF  PAPER 
BY  HAND 

From  the  time  of  the  build¬ 
ing  of  the  first  paper  mill 
in  Nuremberg,  Bavaria,  in 
1390,  to  the  period  of  the 
introduction  of  mills  in 
America,  the  process  of 
paper  making  did  not  vary 
much  in  essentials.  The  in¬ 
dustry  has  always  had  two 
parts,  first  the  preparation 
of  the  pulp  and  second  the 
making  of  the  sheet. 

The  oldest  practice  was  to 
take  linen  and  cotton  rags 
and  let  them  ferment  or 

,  •  u  ,  .  620  From  The  Growth  of  Industrial  A rt,  Washington,  1892 

partially  decay  in  a  warm 

damp  place  so  that  the  rags  could  be  reduced  to  a  mash  of  fibers.  Later  the  rags  were  put  in  vats  or  mortars, 
together  with  water,  and  then  beaten  by  hand  with  hammers  or  pestles.  In  time  these  hammers  were  operated 
by  mechanical  power  generated  by  a  water  wheel.  This  ended  the  first  part  of  the  process. 

When  the  pulp  was  ready,  a  man  called  a  vatman  dipped  it  out  of  the  vat  (1)  into  a  mold  (2)  —  a  utensil 
that  resembled  a  rectangular  ash  sieve.  A  thin  frame  of  wood  fitting  closely  upon  the  mold  retained  the  pulp 
and  regulated  the  size  of  the  sheet.  This  frame  was  called  a  “deckle”  (3).  The  excess  water  drained  through 
the  wire.  The  worker  shook  the  mold  and  deckle  to  distribute  the  pulp  evenly,  and  then  removed  the  deckle. 
The  partly  formed  pulp  sheet  was  turned  carefully  out  of  the  mold  on  to  a  felt  mat  (4).  Other  sheets  were 
laid  on  top  with  felts  intervening  (5).  A  special  worker  called  a  “coucher”  did  this  work. 

The  pile  of  sheets  containing  from  six  to  eight  quires  was  then  put  into  a  frame  (6),  and  subjected  to  heavy 
pressure  to  mat  the  fibers  and  remove  excess  water.  The  felts  were  removed  (7)  and  the  sheets  put  in  another 
press  and  squeezed  again  (8).  They  were  then  hung  up  to  dry.  Smoothness  of  surface  was  obtained  only  so 
far  as  the  heavy  pressure  produced  it,  and  the  color  of  the  paper  was  the  color  imparted  to  the  pulp  by  the 
original  rags. 


THE  “HOLLANDER”  BEATING  MACHINE 


Modern  paper  is  machine-made.  When  rags  are  used  they  are  sorted,  cut  into  shreds,  cleaned,  and  bleached 
in  a  solution  of  chloride  of  lime.  They  then  go  to  the  washing  machine,  where  blunt  knives  revolving  on  a 
cylinder  pull  the  threads  apart  and  a  stream  of  water  drains  away  the  dirt.  The  “half-stock,”  as  the  mixture 
is  now  called,  is  then  taken  to  a  drainer  where  it  remains  until  ready  for  the  beating. 

Beating  is  done  in  a  ma¬ 
chine  known  as  the  “Hol¬ 
lander.”  The  beating  process 
requires  twelve  hours  or 
more  until  all  the  fibers  are 
separated.  During  the  beat¬ 
ing,  coloring  matter  is  added 
as  well  as  chemicals  to 
stiffen  the  sheet  and  make  it 
nonabsorbent. 

The  man  in  charge  of 
beating  is  highly  skilled,  for 
he  must  depend  on  his  eyes 
and  his  sense  of  touch  to 
determine  when  the  beating 
is  finished. 


621 


Courtesy  of  Eaton,  Crane  and  Pike  Company,  Pittsfield,  Mass. 
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A  Mechanical  Grinder,  courtesy  of  the  Great  Northern  Paper  Company,  Boston 


PREPARING  WOOD  PULP 
FOR  THE  “HOLLANDER” 
Since  most  of  our  paper  is  manu¬ 
factured  from  wood,  the  usual 
preliminary  process  before  beat¬ 
ing  is  the  transformation  of 
wood  to  wood  pulp. 

By  the  method  of  “mechan¬ 
ical  grinding”  the  wood  is  entirely 
disintegrated  by  machinery  with¬ 
out  the  use  of  chemicals. 

Pulp  made  from  ground  wood 
is  weak  and  produces  an  in¬ 
ferior  paper.  For  better  paper 
chemical  pulp  is  mixed  with  the 
wood  pulp.  In  making  chemical 
pulp  the  wood  is  not  ground  but 
“digested  ”  by  chemical  processes 
in  huge  vats  sixty  or  more  feet 
in  height. 

The  digester  selects  only  part 
of  the  wood  it  receives  and  dis¬ 
cards  the  rest.  As  a  result, 
chemical  digestion  is  more  ex¬ 
pensive  than  mechanical  grind¬ 
ing;  only  a  relatively  small  part 
of  the  wood  pulp  in  the  beater  is 
derived  from  the  digester  unless 
a  high  grade  paper  is  desired.  In 
that  case  the  proportion  of 
chemical  pulp  is  increased. 


623  A  Chemical  Digester,  courtesy  of  the  International  Paper  Company,  New  York 
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Courtesy  of  Eaton,  Crane  and  Pike  Company 
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Courtesy  of  the  International  Paper  Company 


“WET  END”  OF  A  “ FOURD RENTIER ”  MACHINE 
The  prepared  pulp  from  the  “Hollander”  is  run  into  a  large  reservoir  from  which  it  is  pumped  to  the  paper¬ 
making  machine,  or  “Fourdrinier.”  The  pulp  flows  on  to  a  wire  cloth  to  which  is  imparted  the  side  motion  or 
“shake”  to  weave  the  fibers  together.  The  surplus  water  passes  through  the  meshes  of  the  wire,  leaving  the 
pulp  to  spread  evenly  on  top.  The  sheet  receives  the  impression  of  the  watermark  from  what  is  called  the 
“dandy  roll,”  which  is  really  a  die  affixed  to  a  roll  that  in  revolving  impresses  at  regular  intervals  the  mark 
in  the  pulp.  The  die  thins  the  pulp  where  the  impression  is  made,  thus  creating  a  means  of  identification  of 
the  paper. 

“DRY  END”  OF  A  FOURDRINIER 

The  traveling  wire  is  shown  at  (A).  After  leaving  the  wire  the  paper  is  dried  on  an  endless  felt  between  a 
series  of  steam-heated  rollers  (B).  Then  it  passes  through  the  “slitters”  (C),  where  the  sheet  is  cut  into  the 
required  widths.  From  here  it  passes  through  the  sizing  box  (D),  where  a  preparation  imparts  a  film  to  both 
sides  of  the  sheet,  adding  strength  and  making  the  paper  impervious  to  writing  fluids.  After  going  through 
two  more  large  rollers  (E)  called  “calenders,”  that  really  iron  the  paper,  it  is  then  wound  on  a  beam  ready  for 
sale.  If  the  paper  is  to  be  cut  into  sheets  it  passes  under  a  shear  (F)  after  leaving  the  calender  roll,  and  is 
piled  upon  an  automatic  table  (G)  which  lowers  itself  as  the  pile  grows.  Paper  requiring  a  special  finish  is 
further  treated  after  passing  the  “calender  rolls.”  Some  of  the  best  papers  must  be  dried  slowly  for  days  in 
special  rooms  after  passing  the  “calender”  and  when  ready  are  “supercalendered,”  “plated,”  or  treated  in 
other  ways  to  get  the  special  finish  desired. 
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CHAPTER  XII 


THE  typical  householder  in  the  American  colonies  raised  his  own  meat  and  at  the 
proper  season  salted  or  smoked  it.  In  this  way  he  insured  his  supply  through¬ 
out  the  year.  As  cities  grew  up  along  the  Atlantic  coast,  groups  appeared  who 
could  not  raise  their  meat  and  were  compelled  to  buy  it.  The  local  butcher  was  their 
first  meat  packer.  In  his  slaughterhouse  the  beef  or  pork  was  prepared  to  be  sold  either 
as  fresh  or  preserved  meat.  As  the  city  markets  increased  in  size  and  the  frontier  pushed 
farther  westward,  a  meat  trade  between  the  back-country  and  the  coast  towns  sprang  up. 
The  frontier  was  well  adapted  to  raising  animals.  In  the  first  third  of  the  nineteenth 
century  it  was  a  common  sight  to  see  herds  of  cattle  and  droves  of  swine  making  their 
way  on  foot  to  the  markets  of  Baltimore,  Philadelphia  or  New  York,  sometimes  from  as 
far  west  as  Ohio. 

Then  the  Ohio  valley  developed  a  meat-packing  center  of  its  own.  The  land  of 
Ohio,  Indiana,  and  Illinois  proved  to  be  well  adapted  to  raising  corn,  and  corn  fed  a 
steadily  increasing  number  of  swine.  Cincinnati  became  a  meat-packing  center  and 
retained  its  leadership  until  the  Civil  War.  In  its  abattoirs  the  meat  was  salted  and 
smoked  to  be  shipped  by  river  and  canal  to  the  southern  and  eastern  markets.  The  day  of 
refrigeration  had  not  yet  arrived. 

After  the  Civil  War  the  corn  belt  extended  westward  into  Iowa,  carrying  with  it 
the  inevitable  hog  raising.  Moreover,  with  the  killing  off  of  the  bison  and  the  pacifica¬ 
tion  of  the  Plains  Indians,  the  Great  Plains  which  lie  just  east  of  the  Rocky  Mountains 
were  turned  into  a  vast  cattle  range.  Though  meat  packing  continued  at  Cincinnati, 
the  location  of  that  city  was  too  far  east  to  enable  it  to  dominate  the  industry.  Further¬ 
more,  Cincinnati  had  gained  its  fame  principally  as  a  packer  of  hog  products,  rather  than 
of  beef  animals.  Chicago,  the  meeting  point  of  many  railroads,  and  Omaha  and  Kansas 
City  nearer  the  place  of  production,  became  the  chief  meat-packing  centers  of  the  postwar 
period. 

But  no  longer  was  the  meat  smoked  or  salted.  The  railroad  made  quick  transporta¬ 
tion  possible,  and  the  development  of  refrigeration  enabled  the  packer  to  sell  his  product 
fresh  in  the  distant  market.  The  rapid  increase  of  urban  population  which  was  the  result 
of  the  growth  of  industrialism  gave  the  packer  a  swiftly  expanding  market.  Meat  packing 
passed  out  of  the  stage  of  small-scale  production  and  became  a  large-scale  enterprise. 
Competition  was  reduced  as  great  meat-packing  corporations  were  built  up.  Finally, 
the  government  of  the  United  States,  recognizing  the  importance  of  the  industry  to  the 
health  of  the  nation,  established  a  strict  supervision  over  the  activities  within  the  packing 
houses.  With  this  final  stage  the  development  of  the  industry  has  become  complete. 

The  packing  industry  has  been  notable  as  the  first  great  American  business  to  make 
an  intricate  use  of  by-products.  This  began  with  the  pork  packers  at  Cincinnati,  who 
sold  not  only  fresh  and  salt  pork  but  bacon,  lard,  pickled  pigs’  feet  and  other  delicacies. 
Ihe  great  expansion  of  by-products  was  connected,  both  as  cause  and  effect,  with  the 
consolidation  and  ramification  of  the  packing  industry  at  Chicago 
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THE  BEGINNINGS  OF  AMERICAN 
PACKING 

The  preserving  of  meat  by  drying,  smoking,  or 
pickling,  was  one  of  the  first  industrial  occupations 
in  colonial  America.  Besides  what  was  done  in  the 
home,  there  gradually  developed  a  market  among 
the  slave  plantations  and  the  trading  fleets. 

Much  of  the  Connecticut  River  valley  between 
1650  and  1750  was  the  frontier  of  the  New  England 
colonies,  and  as  such  developed  considerable  repu¬ 
tation  as  a  stock-raising  region.  The  founder  of 
Springfield,  Massachusetts,  William  Pynchon,  was 
a  cattleman  and  a  drover.  As  early  as  1655  he 
began  taking  cattle  on  the  hoof  from  Springfield 
to  Boston,  besides  doing  a  considerable  business 
in  mutton,  tallow,  and  wool.  Pynchon  is  credited 
with  being  the  first  American  to  give  his  whole  time 
to  the  business  of  meat  packing,  for  which  purpose 
he  bought  and  packed  hogs  at  Springfield.  The 
market  for  his  products  was  probably  the  West 
Indies. 


626  William  Pynchon,  1590-1662,  from  the  portrait,  1657,  by  an 
unknown  artist,  in  the  Essex  Institute,  Salem 


THE  BRIGHTON  CATTLE  MARKET 
Boston  became  the  great  colonial  market  for  live 
animals  and  meat.  In  1633  the  spot  where  the  old 
State  House  stands  was  officially  designated  as  a 
market  place,  and  in  1742  Faneuil  Hall  became  the 
•athering  place  for  buyers  and  sellers.  During  or  soon  after  the  French  and  Indian  War  of  1756,  Brighton 
prang  into  prominence  as  a  center  for  the  cattle  and  meat  trade,  beginning  with  the  activities  of  one  butcher 
ontractor,  Jonathan  Winship  by  name,  who  supplied  the  British  army  with  meat. 

During  the  Revolution,  Brighton  continued  its  interest  in  the  business  and  soon  after  the  war  was  over  was 
he  recognized  market  town  in  New  England  for  cattle,  hogs  and  sheep  on  the  hoof,  as  well  as  for  slaughtering 
md  slaughterhouse  products.  The  Brighton  Market  was  a  magnified  town  fair  held  weekly .  The  peace  v  - 
age  was  for  a  day  densely  thronged  with  herds,  drovers  and  buyers.  The  trading  done,  Brighton  reverted  to  its 
lormal  sleepy  quiet.  Brighton  Market  served  as  a  model  for  many  others,  first  m  the  east  and  afterwar  m  e 
vest  -  and  Brighton  itself  continued  to  do  a  flourishing  business  until  the  growth  of  western  packing  houses  ki  e 
nost  of  its  picturesque  activities.  To  the  present  day,  however,  meat  packing  is  one  of  its  means  of  livelihood. 


627  A  Brighton  Drover,  from 
HaTpsr’s  Weekly,  Aug.  8,  1857 
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CINCINNATI,  THE  FIRST  GREAT 
PACKING  CENTER 

The  first  great  center  of  the  packing  industry  in 
America  was  Cincinnati,  “the  Queen  City  of  the 
West,”  for  years  the  largest  inland  city  in  America, 
and  at  the  time  confidently  expected  by  its  inhabitants 
to  become  one  of  the  greatest  cities  in  the  world.  It 
was  strategically  located  in  the  heart  of  the  Mississippi 
valley,  the  unrivaled  food-producing  region  of  the 
United  States;  it  was  easily  reached  by  water  and 
stood  at  the  crossroads  of  the  principal  highways  of 
the  country.  With  an  excess  of  labor  and  well- 
developed  financial  resources,  Cincinnati  was  an  ideal 
place  to  establish  this  industry.  Its  first  packers 
were  farmers  who,  about  1811,  in  a  small  way  pre¬ 
pared  hog  meat  for  local  markets.  The  first  regular 
hog  packer  was  Elisha  Mills,  a  “down-easterner,” 
who  started  in  1818.  By  1830  Cincinnati  was  so 
629  During  BogTtoaflhna  streets^CMnnatt.  from  famous  for  its  hog  products  that  it  was  called 

“Porkopolis.”  In  1832  some  85,000  hogs  were 
slaughtered  there  and  by  1860  about  half  a  million  were  going  under  the  knife.  The  hogs  arrived  at  Cincin¬ 
nati  on  the  hoof,  by  flatboat,  steamboat,  and  eventually  by  train.  They  were  driven  through  the  streets  to 
the  slaughterhouses  by  drovers,  men  and  boys.  The  carcasses  were  carried  by  wagon  to  the  packing  houses; 
for  at  Cincinnati  slaughter  and  packing  were  separate  industries.  Until  1857,  Cincinnati’s  activities  in  pork 
were  entirely  confined  to  the  winter  season,  but  thereafter  the  work  was  prosecuted  the  entire  year. 


630 


Slaughtering  and  Dressing  Hogs 


Drying  and  Trimming  Hogs 


X  Lie  euimg 


Pictures  (630-633)  are  scenes  of  Hog  Packing  at  Cincinnati,  from  Harper's  Weekly,  Sept.  4,  1873.  after  drawings  by  H.  F.  Fari 
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The  Sherman  Yards,  1861,  courtesy  of  Swift  <&  Company,  Chicago 


THE  EARLY  PACKING  INDUSTRY  IN  CHICAGO 
Since  the  prestige  of  Cincinnati  was  in  great  part  due  to  its  advantages  in  respect  to  water  transportation,  the 
coming  of  the  railroads  brought  significant  changes.  Chicago  was  the  halfway  point  between  western  animal 
producers  and  eastern  meat  consumers.  As  the  largest  railroad  center  in  the  world  it  posessed  unrivaled  trans¬ 
portation  facilities;  in  addition  it  had  the  Great  Lakes  as  a  competitor  and  regulator  of  the  railroads.  The 
first  slaughterhouse  in  Chicago  was  established  by  Archibald  Clybourne  in  1827  and  the  first  packer  began 
operations  five  years  later.  It  was  not  until  the  late  ’fifties,  however,  that  Chicago  began  to  forge  ahead,  and  soon 
after  the  enormous  demands  for  foodstuffs  occasioned  by  the  Civil  War  consolidated  Chicago’s  position.  In  1862 
Chicago  surpassed  Cincinnati  and  since  1870  the  city  on  Lake  Michigan  has  had  no  equal  as  a  packing  center. 

The  first  extensive  stockyards  in  Chicago,  erected  at  Madison  Street  and  Ashland  Avenue,  dated  from  1848 
and  were  called  the  Bull’s  Head  Market.  Since  this  market  had  no  railway  connection  it  was  abandoned  after 
1856,  when  John  B.  Sherman  purchased  the  Myrick  property  of  thirty  acres,  located  on  the  lake  shore  and 
tapped  by  the  Michigan  Central  and  Illinois  Central  Railroads.  The  Sherman  yards,  however,  soon  had 
several  rivals  equally  well  located  in  respect  to  railroad  facilities. 


THE  OPENING  OF  THE  UNION  STOCKYARDS,  1865 
The  pressure  of  business  occasioned  by  the  Civil  War  threw  into  high  relief  the  difficulties  arising  from  the 
system  of  many  separate  yards,  and  in  1865  the  Illinois  legislature  granted  a  charter  of  incorporation  to  the 
Union  Stockyard  and  Transit  Company.  The  stock  of  this  corporation  was  subscribed  by  nine  railroads  and 
many  private  individuals,  but  the  railroads  took  ninety  per  cent  of  the  million  dollars  issued.  The  yards,  com¬ 
prising  three  hundred  and 
forty-five  acres  and  a  pen 
capacity  for  twenty-one 
thousand  cattle,  seventy- 
five  thousand  hogs,  twenty- 
two  thousand  sheep  and 
two  hundred  horses,  were 
opened  for  business  on 
Christmas  day,  1865.  Since 
that  time  the  area  of  the 
yards  has  been  greatly  in¬ 
creased;  at  the  present 
time  some  two  thousand 
men  are  employed  and  the 
yards  contain  about  three 
hundred  miles  of  railway 


trackage. 
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The  Union  Stockyards  in  1868,  from  a  sketch,  courtesy  of  Armour  and  Company,  Chicago 
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©  Kaulman  &  Fabry,  Chicago 


A  VIEW  OF  THE  CHICAGO  STOCKYARDS 

The  immense  area  of  the  Union  yards  at  Chicago,  the  great  covered  sheds,  the  packing  plants  in  the 
background,  the  trampling  of  hoofs,  the  bellowing  and  lowing  of  the  animals,  the  riders  dashing  about  the 
streets  between  the  pens,  the  dust  and  smoke  make  a  visit  to  the  stockyards  an  experience  not  quickly  forgotten. 


UNLOADING 
HOGS  AT 
CHICAGO 
Trainloads  of  ani¬ 
mals  in  cars  especially 
designed  for  the  traffic 
are  continuously 
shunted  into  the  stock- 
yards.  The  animals 
are  disembarked  into 
the  pens.  There  they 
are  looked  over  by  the 
buyers  on  horseback 
representing  the  pack¬ 
ers.  The  seller  is 
generally  a  Chicago 
commission  man  to 
whom  the  animals  have 
been  consigned  by  the 
farmers.  When  a  sale 
price  has  been  agreed 
upon  the  animals  are 
weighed  and  driven  to 
the  near-by  plant  of  the 
purchasing  packer. 


Courtesy  of  Swift  &  Company 
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Courtesy  of  Swift  &  Company 


A  CHICAGO  PACKING  PLANT 

The  packing  plant  of  to-day,  located  near  the  stockyards,  is  a  mammoth  enterprise.  Unlike  the  early  Cincin¬ 
nati  organization,  the  modern  business  at  Chicago  is  a  combination  of  slaughterhouse  and  packing  plant.  There 
is  no  waste  in  the  business;  every  part  of  every  animal  has  some  use.  To  manufacture  these  waste  materials 
necessitates  many  additions  to  the  facilities  besides  those  used  in  connection  with  the  principal  business  of  killing 
and  packing.  The  packages  for  both  the  main  products  and  the  by-products  may  also  be  made  on  the  spot. 


639  From  Joseph  G.  McCoy,  Historic  Sketches  of  the  Cattle  Trade  of  the  West  and  Southwest,  Kansas  City,  Mo„  1874 


THE  OLD  METHOD  OF  SLAUGHTERING  CATTLE 
The  old  method  of  slaughtering  cattle,  a  heritage  from  the  American  frontier,  was  to  shoot  them  in  the  pens 
from  narrow  gangways  above  their  heads.  The  usual  modern  method  of  slaughter  is  to  stun  the  steer  with  an 
especially  shaped  mallet,  and  then  sever  its  jugular  vein  with  a  knife.  Hogs  are  not  stunned;  a  chain  is  at¬ 
tached  to  a  hind  leg  while  the  other  end  of  the  chain  runs  over  a  wheel  and  thence  to  an  overhead  rail.  The 
hog  thus  hanging  head  downward  passes  quickly  before  a  man  who  slits  its  throat. 
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GOVERNMENT 
INSPECTION  OF 
MEAT 

Since  the  public  would  be 
endangered  by  diseased  or 

640  From  a  photograph  by  the  United  States  Department  of  Agriculture  ,  .  ,, ,  .  .  . 

otherwise  unht  meat  it  is 

essential  that  there  be  public  inspection  and  supervision  of  the  packing  industry.  This  inspection  is  under  the 
control  of  the  federal  government  and  begins  with  the  live  animals  in  the  stockyard  pens.  At  every  stage  of 
the  slaughtering  and  packing  operations  the  government  inspector  stands  beside  the  packing  house  employee. 
Immediately  after  the  killing  the  inspectors  examine  the  glands  of  the  head  and  throat  of  the  animal,  for  these 
glands  give  the  first  and  best  evidence  of  the  animal’s  condition.  Later  the  viscera  are  looked  over  carefully 
by  the  inspector,  and  each  part  of  the  animal  as  it  is  subdivided  is  given  an  equally  careful  inspection.  By 
means  of  marks  it  is  possible  to  identify  every  animal  even  after  it  has  been  cut  into  the  smallest  parts.  The 
preparation  of  the  vari¬ 
ous  parts  and  even  the 
packaging  of  the  parts 
ready  for  sale  are  under 
the  eye  of  the  federal 
supervisors.  These  men 
are  not  permitted  to  ac¬ 
cept  any  gift  whatso¬ 
ever  from  the  packer 
and  are  shifted  from 
plant  to  plant  at  fre¬ 
quent  intervals.  The 
inspector’s  word  is  law. 

The  packers  do  not 
object  to  the  rigid 
inspection  because  it  * 
enhances  public  confi¬ 
dence  and  is  an  aid  in 
selling,  particularly  in 
foreign  markets. 


MODERN  DRESSING 
OF  CARCASSES 
The  carcasses  pass  by  an 
overhead  rail  to  the 
butchers,  each  one  of 
whom  has  one  special  part 
to  cut.  Thus  the  animal 
is  divided  and  subdivided 
into  the  commercial  parts 
that  his  carcass  may  be 
capable  of  producing.  The 
waste  materials  are  cut 
away  in  the  passage 
through  the  plant  and  sent 
to  the  appropriate  place 
in  the  works. 
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From  a  photograph  by  the  United  States  Department  of  Agriculture 
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THE  REFRIGERATOR  CAR 
For  a  long  time  all  meat  packing 
was  done  in  the  winter,  but  the 
development  of  artificial  re¬ 
frigeration  eventually  made  it 
possible  to  pack  all  the  year 
round.  Nothing  did  more  to 
regularize  the  cattle  and  packing 
industries.  But  even  when  this 
step  had  been  taken  it  was  still 
necessary  to  drive  or  ship  live  animals  to  distant  markets  for  slaughter  and  packing.  The  packers  toyed  with 
the  idea  of  a  refrigerator  car  for  some  years  before  a  practical  car  was  invented. 

The  importance  of  the  refrigerator  car  cannot  be  exaggerated.  Its  economy  is  manifold.  It  saves  the  wast¬ 
age  of  flesh  inherent  in  the  long  distance  shipment  of  live  animals,  it  permits  packing  plants  near  the  source  of 
animals,  it  allows  for  large-scale  packing  enterprises,  and  it  provides  a  means  for  keeping  fresh  meat  in  prime 
and  healthy  condition  regardless  of  time  or  distance.  The  modern  organization  of  both  the  cattle  industry 
and  the  packing  business  would  be  impossible  without  the  refrigerator  car. 

HOW  PRODUCTS  ARE  SHIPPED  IN  A  REFRIGERATOR  CAR 
The  refrigerator  car  has  an  ice  box  at  each  end.  These  are  replenished  en  route  from  the  top  and  from  the 
outside  of  the  car  without  disturbing  the  contents.  The  car  is  arranged  so  that  the  cold  air  from  the  re¬ 
frigerators  passes  in  currents  over  and  around  the  cargo.  Those  products  that  need  the  greatest  cold  are 
located  nearest  the  ice  containers,  while  those  that  require  less  or  might  be  injured  by  too  much  cold  are  hung 
in  the  middle  of  the  car. 

The  packers  themselves  for  the  most  part  own  the  refrigerator  cars.  The  packers  pay  the  regular  railway 
freight  charge  but  the 
railroads  return  to 
the  packers  a  mileage 
rental  for  the  use  of 
the  cars.  The  rail¬ 
roads,  particularly 
when  refrigerator  cars 
were  a  new  venture, 
could  not  afford  to 
buy  such  specialized 
equipment. 


§43  Courtesy  of  Swift  &  Company 

RELATIVE  SIZES  OF  AMERICAN 
CATTLE  MARKETS 
Chicago,  although  the  greatest,  is  by  no 
means  the  only  slaughtering  and  packing 
house  center.  The  tendency  has  always 
been  to  get  these  two  industries  as  near 
as  possible  to  the  point  of  origin  of  the 
cattle.  Hence  St.  Louis,  Kansas  City  and 
Omaha  each  have  an  important  stockyard 
and  packing  business.  Denver  likewise 
has  a  smaller  enterprise  to  take  care  of 
the  Rocky  Mountain  district  and  the 
Pacific  coast  states  have  their  own 
smaller  plants.  In  the  great  cities  of  the 
East,  too,  there  are  slaughterhouses  and 
packing  plants. 
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Armour’s  Kansas  City  Plant  ca.  1870,  from  Joseph  G.  McCoy,  Historic  Sketches  of  the  Cattle  Trade ,  etc. 


PHILIP  D.  ARMOUR,  1832-1901,  A  GREAT  AMERICAN  PACKER 


Among  the  dozen  or  more  men  whose  names  are  intimately  connected  with  the  rise  of  the  modern  packing 
industry  none  is  more  familiar  than  that  of  Philip  Danforth  Armour.  Born  on  a  farm  near  Stockbridge, 
New  York,  Armour,  a  young  man  of  twenty,  reached  California  after  a  journey  of  six  months  on  foot.  But 
he  did  not  dig  for  gold;  he  dug  ditches  for  other  diggers  of  gold,  a  less  romantic  but  still  profitable  work,  for 
in  five  years  Armour  made  eight  thousand  dollars  at  it.  Later  he  went  to  Milwaukee,  which  at  that  time 

seemed  likely  to  be  a  more  important  city 
than  Chicago.  In  1859  Armour  went  into 
the  grain  produce  and  commission  business 
at  Milwaukee.  Four  years  later  he  was 
taken  into  partnership  by  John  Plankinton, 
then  a  thriving  merchant  and  commission 
man  in  Milwaukee.  Plankinton  and  Armour 
soon  had  one  of  the  largest  slaughtering  and 
packing  plants  in  Milwaukee  and  estab¬ 
lished  branches  in  Chicago  and  Kansas  City. 
The  Civil  War  put  the  firm  on  a  secure 
financial  basis. 

Armour  brought  his  various  brothers  into 
his  business,  placing  them  at  strategic 
points  such  as  New  York,  Chicago  and 
Kansas  City.  After  the  Union  Stockyards 
were  built  at  Chicago,  Armour  built  a  hog 
packing  plant  there  and  later  added  cattle. 
He  was  a  prime  mover  in  the  development 
and  use  of  refrigeration  and  the  refrigerator 
car.  The  firm  became  Armour  and  Company 
when  the  Chicago  plant  was  opened  and 
soon  developed  into  one  of  the  most  far- 
reaching  enterprises  of  its  time.  At  the 
present  day  Armour  and  Company  is  one 
of  the  three  or  four  great  firms  that  together 
control  the  largest  part  of  the  American 
packing  industry.  It  is  a  monument  to 
the  sagacity,  foresight  and  business  enter¬ 
prise  of  the  founder,  one  of  the  most 
notable  men  of  his  day. 
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From  the  portrait  of  Philip  D.  Armour  by  Arvid  Nyholm  (1866-)  In  the 
possession  of  Armour  and  Company,  Chicago 
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GUSTAVUS  F.  SWIFT,  1832-1903, 

A  PIONEER  OF  MODERN  PACKING 
Another  Easterner,  Gustavus  Franklin  Swift,  is 
associated  with  the  rise  of  the  modern  packing 
industry.  Born  in  West  Sandwich,  Cape  Cod, 

Swift  was  the  ninth  child  and  fifth  son  in  a  family 
of  twelve  children.  At  fourteen  he  became  a 
butcher’s  apprentice  and  carried  on  his  trade  and 
also  that  of  a  cattle  dealer  in  several  Massachusetts 
towns.  In  1872  Swift  entered  into  partnership 
with  Henry  Hathaway,  in  which  firm  Swift  became 
the  cattle  buyer.  Convinced  that  Chicago  would 
become  the  leading  cattle  market.  Swift  moved 
there  in  1875  and  was  a  buyer  at  the  Union  Stock- 
yards.  Soon,  however,  he  bought  a  slaughterhouse 
and  packing  business  and  set  out  on  the  career  that 
brought  him  fame.  Swift  was  one  of  the  first  men 
to  send  dressed  meat  from  Chicago  to  the  eastern 
market  and  his  eastern  connections  aided  him 
greatly  in  this  venture.  Swift  was  one  of  the  few 
men  who  made  the  refrigerator  car  a  commercial 
success.  The  firm  Swift  &  Company  was  in¬ 
corporated  in  1885.  Starting  with  a  capital  of 
three  hundred  thousand  dollars,  within  two  years  it 
was  advanced  to  three  million  and  later  reached  one 
hundred  and  fifty  million.  Swift  was  a  dreamer, 
but  his  dreams  were  always  practical;  he  was  an 
inventor,  but  his  inventions  were  based  upon  an  existing  need;  he  was  a  financier  with  an  uncanny  ability  to 
gauge  the  future;  but  most  of  all  Swift  was  an  organizer.  He  had  the  ability  to  make  his  personality  penetrate 
to  the  smallest  section  of  his  ever  expanding  business;  this  was  the  real  basis  for  his  success. 
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The  First  Swlit  Slaughterhouse,  Barnstable,  Massachusetts,  courtesy  o t  Swllt  &  Company 
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TANNER  AND  SHOEMAKER 


THE  time  when  men  first  learned  to  turn  skins  and  hides  into  leather  is  shrouded 
in  the  obscurity  that  lies  beyond  the  dawn  of  history.  We  know  that  leather  was 
one  of  the  earliest  and  also  one  of  the  most  universal  additions  to  man’s  equip¬ 
ment.  For  suitable  raw  materials  men  have  explored  the  animal,  vegetable,  and  mineral 
kingdoms.  The  hide  of  elephant  and  buffalo,  the  pelts  of  antelope,  deer,  kangaroo, 
and  rabbits,  the  skins  of  seals,  sharks,  porpoises,  walruses,  whales,  lizards,  crocodiles,  alli¬ 
gators,  snakes,  and  frogs,  all  these  have  at  times  and  in  places  contributed  supplies  to  the 
tanner’s  art.  Nor  have  the  birds  escaped,  for  the  skins  of  ostriches,  swans,  and  chickens 
have  been  made  into  leather.  Man’s  own  skin  has  been  used  for  the  same  purpose. 

For  tanning  agents,  the  brains,  oils,  and  fats  of  animals  have  been  used;  the  woods, 
barks,  leaves,  fruits,  roots,  and  even  the  larvae  of  parasitic  insects  or  the  diseased  portions 
of  plants  have  been  made  to  yield  materials  for  converting  skins  into  leather.  From  rep¬ 
tiles  to  man,  from  roots  to  fruits,  nearly  every  living  thing  sometime  or  somewhere  has 
been  made  to  fill  the  need  for  leather.  From  savagery  to  civilization,  leather  has  been  a 
most  popular  material  for  man,  and  he  has  used  it  for  clothing,  houses,  house  furnishings, 
tools,  weapons,  and  musical  instruments.  Man’s  history  has  been  written  on  leather  or 
bound  in  leather.  One  of  man’s  oldest  and  most  widely  distributed  arts,  leather  manu¬ 
facture,  has  been  always  essentially  the  same.  Civilization  has  developed  machinery  for 
some  of  the  harder  operations,  but  the  processes  have  altered  but  little. 

In  the  history  of  the  American  people  the  tanning  of  skins  has  been  associated  with  two 
important  industries,  fur  trading  and  stock  raising.  From  the  beginning  of  settlement  to 
the  passing  of  the  frontier,  the  fur  trade  was  an  important  factor  in  American  life.  Nor 
has  the  twentieth  century  seen  its  entire  disappearance.  The  Indians  and  trappers  bring¬ 
ing  the  pelts  of  the  forest  animals  to  the  settlements  have  furnished  work  for  the  tanner 
who  prepared  them  to  be  turned  to  the  uses  of  civilization. 

The  most  important  source  of  the  skins  which  come  to  the  tannery  is  the  cattle 
industry.  Buffalo  skins  were  extensively  tanned  during  the  decade  after  the  Civil  War 
when  the  vast  herds  were  being  wiped  out  by  ruthless  hunting.  The  rise  of  the  cowT 
country  on  the  old  grazing  ground  of  the  bison  vastly  increased  the  supply  of  hides  for 
leather.  The  cow  country  sprang  into  existence  as  soon  as  transportation  had  made  it 
accessible  to  the  eastern  centers  of  population  and  in  answer  to  the  demand  for  meat  by  a 
rapidly  increasing  population.  Shoes  were  needed  as  well  as  meat  and  the  western  cattle 
ranches  supplied  hides  as  well  as  food.  But  the  making  of  shoes  did  not  at  first  gravitate 
to  a  region  near  the  present  source  of  the  raw  product. 

Leather  can  be  transported  at  such  a  relatively  small  expense  that  the  shoe  manufac¬ 
turer  is  free  to  locate  his  factory  to  meet  the  needs  of  other  phases  of  his  business. 
Naturally  shoe  manufacturing  made  an  early  appearance  in  New  England,  where  most  of  the 
earliest  American  factories  had  been  founded,  where  water  power  was  plentiful  and  where 
there  were  supplies  of  skilled  labor.  Once  established  in  New  England  there  were  at  first 
no  forces  as  strong  as  those  in  the  cotton  industry  to  pull  the  factories  to  other  sections. 
Plants  for  making  boots  and  shoes  have  appeared  in  many  places  but  the  center  of  the  in¬ 
dustry  still  remains  New  England,  although  it  may  not  long  be  able  to  make  this  boast. 
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INDIAN  TANNING 

The  early  Egyptians  slew  gazelles  and  oxen  and  from 
the  hides  made  leather.  The  tools  for  doing  these 
tasks  were  almost  identical  with  some  of  those  used 
by  the  American  colonists. 

American  Indians,  too,  were  skilled  leather  workers. 
A  common  practice  among  the  Indians  was  to  kill 
a  deer  and  remove  the  hair  from  the  skin.  The 
latter  was  then  tanned  by  the  use  of  the  deer’s  own 
brains.  When  the  deerskin  had  been  converted  into 
leather  by  the  rubbing  of  brains  into  the  pores  of  the 
skin,  the  leather  was  softened  by  stretching  and 
working  the  surface  by  hand. 


650  Stretching  a  Deerskin,  from  the  Revolt  ol  the  United  States  Na¬ 
tional  Museum  for  the  year  1889,  alter  a  photograph  by  Robert 
Wilson  Shuleldt 


THE  FIRST  AMERICAN  TANNERY 
Tanning  was  one  of  the  most  common  arts  practiced 
by  colonial  Americans.  At  first  it  was  a  household 
industry,  but  since  it  required  skill  it  was  one  of  the 
first  given  over  to  specialists. 

It  is  believed  that  the  earliest  tannery  to  operate  as 
a  business,  separate  from  the  household,  was  started 
in  1630  at  Lynn,  Massachusetts,  by  Francis  Ingalls. 
This  tannery  resembled  scores  of  others  later  set  up 
in  frontier  settlements  as  pioneers  migrated  across 
the  continent. 

These  primitive  tanneries  were  pits  dug  in  the  ground,  on  the  bottom  of  which  was  spread  a  layer  of  bark, 
then  a  layer  of  skins,  and  so  on  until  the  pit  was  filled.  Water  was  then  poured  over  the  whole,  leaching  the 
tannic  acid  from  the  bark  and  carrying  it  to 
the  pores  of  the  skins.  From  time  to  time  the 
tanner  turned  the  skins  over  so  that  each 
should  get  an  even  action  from  the  solution  in 
the  pit.  It  took  about  a  year  for  a  skin  to 
absorb  enough  tannic  acid  to  be  converted 
into  leather,  and  if  the  tanner  were  not  skilled 
in  handling  and  leaching  the  skins  in  the  pit, 
the  whole  might  be  spoiled.  He  used  no 
chemical  tests,  although  his  was  really  a 
chemical  industry.  Instead,  he  relied  upon 
the  look  and  feel  both  of  the  hides  and  the 
tan  liquor  to  guide  him. 


651 


The  Ingalls  Tannery,  Lynn,  1630,  from  a  sketch  based  on  available 
data,  courtesy  of  Fred  Gannon,  Salem,  Mass. 
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649  Applying  Brains  to  Soften  a  Skin,  from  the  Report  of  the  United 
States  National  Museum  for  the  year  1889,  after  a  photograph  by 
Robert  Wilson  Shufeldt 
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652  From  a  photograph  In  the  collection  of  the  Essex  Institute 


AN  OLD-TIME  OPEN-AIR  TANNERY 

Another  pit  tannery  at  Salem  shows  the  same  primitive  conditions  that  obtained  at  the  first  Lynn  tannery. 
Three  hundred  years  have  shown  in  America  almost  no  progress  in  the  art  of  tanning. 

MODERN  TANNING  BUILDINGS 

The  tan  pit,  out  of  doors,  is  now  discarded  except  in  a  few  remote  places,  and  tanning  is  as  completely  housed 
as  any  other  manufacturing  industry.  Modern  tanneries  are  both  on  a  small  and  on  a  large  scale.  Small  tan¬ 
neries  are  scattered  in  many  places  in  the  United  States. 


653  Courtesy  of  the  Tanners'  Council  of  America,  New  York 
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THE  SOAKING  PIT 
The  manufacture  of  leather 
falls  naturally  into  three 
parts.  The  first  is  the 
beam-house  work,  where 
the  hides  and  skins  are 
prepared  for  the  actual 
tanning.  The  second  is 
that  in  which  the  hides  are 
converted  into  leather.  The 
third  process,  once  the 
separate  craft  of  currying, 
consists  in  finishing  the 
tanned  leather  accord¬ 
ing  to  the  uses  for  which 
it  is  intended.  Hides  are 
collected  from  all  over  the 
world  and  arrive  at  the 
tannery  in  stiff  dry  bales, 
or  wet  and  sloppy  from 
pickling  preservatives,  or 
covered  with  fresh  blood 
and  dirt  if  sent  directly 

from  the  slaughterhouse.  The  first  step  in  the  beam-house  operation  is  to  give  the  hides  a  thorough 
soaking  to  make  them  pliable,  and  to  remove  surface  dirt.  Similar  pits  containing  mixtures  of  water  and  lime, 
or  other  materials,  are  employed  to  loosen  the  hair,  or  to  soften  very  dry  and  tough  hides. 


654  Courtesy  of  the  Tanners’  Council  of  America 


SPLITTING  HIDES  BY  MACHINE 


When  the  hides  have  been  washed  and  the  hair  loosened,  they  are  then  taken  one  by  one  from  the  pits,  to  be 
dehaired  and  defleshed.  The  hair  is  scraped  off  by  a  knife  worked  over  a  rounded  beam,  or  removed  by  a 

machine.  It  is  then  sold  to 
mattress  manufacturers  or 
other  users  of  hair.  The 
loose  flesh  and  blood  vessels 
are  scraped  off  and  sold  as 
fertilizer.  The  hides  are 
next  split  if  they  are  too 
thick.  This  splitting  used 
to  be  done  wastefully  by 
hand.  It  is  now  done  by  a 
delicately  adjusted  ma¬ 
chine.  Thus  a  single  cow¬ 
hide  may  be  split  into  two 
or  more  hides.  Each  split 
has  a  trade  name,  and  the 
resultant  leather  is  desig¬ 
nated  as  a  whole  hide, 
the  split  next  the  hair, 
or  the  split  next  the  flesh. 
The  splitting  of  hides  is 
of  great  economic  impor¬ 
tance  now  that  the  cattle 
ranches  are  dwindling. 
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©  Ewing  Galloway 
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Courtesy  ot  the  Tanners'  Council  of  America 


THE  TAN  VATS 

Before  tanning  commences  the  whole  or 
split  hides  must  be  cleaned  of  all  the  sub¬ 
stances  used  in  dehairing,  defleshing,  or 
softening.  To  do  this  they  are  put  in  vats 
to  be  “pured.”  The  puring  process  com¬ 
pletes  the  beam-house  work  and  the  hides 
are  now  ready  for  the  actual  tanning. 
Tanning  pits  have  disappeared.  The 
modern  tannery  performs  the  tanning  opera¬ 
tion  in  vats  or  great  tubs,  filled  with  tanning 
liquid  into  which  the  green  hides  are  dumped. 
The  hides  are  stirred  to  ensure  an  even  effect 
from  the  tanning  liquor.  The  vats  are 
placed  in  a  series  beginning  with  one  con¬ 
taining  weak  liquor  and  ending  with  fresh 
strong  tanning  solution,  the  hides  being 
removed  from  one  vat  to  the  next  at  the 
proper  time.  The  action  of  the  tannic  acid 
on  the  fibers  and  gelatin  content  of  the  hide 
effects  the  change  into  leather. 


POLISHING  LEATHER  WITH 
A  STAKING  MACHINE 
When  the  tanning  is  completed  the  leather 
is  tacked  to  boards  or  hung  over  racks  and 
when  sufficiently  dry  is  ready  for  currying, 
the  third  process  in  its  manufacture.  Curry¬ 
ing  varies  according  to  the  intended  use  of 
the  leather.  Flexible  leather  pocketbooks  and  durable  leather  soles  call  for  different  treatment.  In  general, 
we  may  say  that  leather  is  filled  and  worked  with  oils  and  other  solutions  to  give  pliability.  It  is  painted  and 
polished  to  give  it  glaze  and  may  be  dyed  to  give  it  color. 

The  staking  machine  polishes  leather  by  means  of  a  glass  roller  passed  under  pressure  over  the  leather. 


©  Keystone  View  Company 
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Old  Stone  to  Crush  Bark  lor  Tanners,  In  the  Essex  Institute 


THE  USE  OF  BARK  AS  A  TANNING  AGENT 
A  wide  variety  of  tanning  agents  has  been  employed  to  convert  hides  into  leather.  The  most  common,  how¬ 
ever,  has  been  the  bark  of  certain  trees,  notably  oak  and  chestnut  and  hemlock.  Although  bark  is  relatively 
light  in  weight,  it  is  bulky  and  fragile,  and  its  tannic  acid  content  is  easily  leeched  away  if  the  bark  is  exposed 
to  the  rain.  Bark  therefore  has  never  been  transported  very  far  from  the  forests.  Hides,  on  the  other  hand, 
may  be  carried  around  the  world  without  undue  deterioration,  and  their  value  is  great  enough  to  pay  high 

_ _ _ _  carriage  charges.  Hence  tanneries  were 

generally  located  near  forests.  As  the 
forest  regions  were  altered  by  excessive 
cutting  the  tannery  moved  with  the 
loggers.  New  England,  Pennsylvania, 
New  York  and  the  southern  Appala¬ 
chians  have  each  in  turn  witnessed 
a  large  tanning  industry. 

Millstones  similar  to  those  used  for 
grist  were  employed  by  the  colonial 
tanners  to  crush  the  bark  preparatory 
to  use  in  the  tan  pit.  The  modern 
bark  grinder  is  a  set  of  metal  rolls  en¬ 
tirely  inclosed  and  arranged  for  rapid 

659  Transporting  Quebracho  Logs,  South  America,  courtesy  of  the  Tanners'  fVwlimr  and  Hfdivprv 

Council  of  America  iccumg  ctnu  ucnvu). 


QUEBRACHO  BARK 
With  the  development  of  large- 
scale  slaughterhouses  at  Chicago 
and  other  places,  large  numbers 
of  hides  for  the  first  time  were 
to  be  had  at  one  place.  The  use 
of  tannic  acid  extract  permitted 
the  tanning  of  hides  on  the  spot, 
and  produced  better  leather  be¬ 
cause  it  was  easier  to  standardize 
and  control  extracted  bark  liquors 
than  it  had  been  to  control  the  tanning' under  the  older  methods.  A  ring  of  tanneries  in  Illinois,  Michigan, 
and  Wisconsin  surrounded  the  Chicago  slaughterhouses. 

With  the  decline  of  American  tan  bark  resources,  our  tanners  turned  to  the  Argentine,  where  the  quebracho 
tree  yields  a  large  proportion  of  tannic  acid.  Although  quebracho  bark  may  be  imported  to  this  country  it  is 
generally  shipped  here  in  the  form  of  extract. 


660 


A  Quebracho  Extract  Plant,  Argentina,  courtesy  of  the  Tanners’  Council  of  America 
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Tanning  Drums  lor  Chrome  Leather,  courtesy  ol  the  Ohio  Learner  oompauy, 


CHEMICAL  TANNING 
American  ingenuity  did 
not  stop  with  the  invention 
of  tanning  extracts.  Chem¬ 
ists 'have  found  that  good 
leather  may  be  made  from 
various  mineral  com¬ 
pounds,  notably  chromium. 
Robert  H.  Foerderer  of 
Philadelphia  conquered  the 
difficulties  that  beset  chem¬ 
ical  tanning  and  was  the 
first  to  manufacture  and 
market  successfully  leather 
made  by  that  means.  After 
Foerderer  in  1888  pointed 
the  way,  mineral  tanning 
became  immediately  popu¬ 
lar.  It  furnished  most  of 
our  light  leathers  and  drove 
out  of  our  market  similar 
imported  products  made 
in  older  ways. 

Chemical  tanning  differs 

from  bark  tanning  not  in  methods  or  machinery,  but  in  the  materials  used  for  changing  skins  into  leather. 
Practically  the  only  unique  machine  used  in  chemical  tanning  is  the  large  revolving  drum  m  which  the  actual 

conversion  takes  place. 

At  first  chemical  tanning  was  applied  mainly  for  the  uppers  of  shoes  or  other  light  leathers,  but  of  late  the 
’  method  has  been  adopted  for  some  heavy  leathers  such  as  that  for  shoe  soles.  This  betokens  the  passing  of 
bark  tanning  and  marks  a  new  era  in  the  leather  industry. 

THE  OLD-TIME  SHOEMAKER 
The  greatest  user  of  leather  is  the  shoemaker. 

A  peculiar  human  interest  has  been  associated 
with  shoemaking  from  the  arrival  of  Thomas 
Beard  and  Isaac  Rickerman  in  Salem,  Massa- 
setts,  in  1629,  down  to  the  latest  recruit  in  a 
modern  factory.  Since  shoemaking  was  a 
sedentary,  noiseless,  well-nigh  mechanical  task, 
it  gave  to  the  craftsman  opportunity  to  think 
and  talk  about  politics,  religion  or  philosophy. 

It  is  understandable,  therefore,  why  shoemakers 
shops  were  often  looked  upon  as  clearing  houses 
of  opinion  and  why  shoemakers  have  frequently 
risen  to  exalted  places.  In  our  own  history  two 
signers  of  the  Declaration  of  Independence  were 
shoemakers.  Likewise  Mad  Anthony  Wayne, 
the  Revolutionary  general  whose  brilliant  ex¬ 
ploits  astonished  both  his  friends  and  his  ene¬ 
mies,  was  a  shoe  craftsman.  A  long  list  might 
be  compiled  of  shoemakers  who  became  famous. 

Manual  skill  being  the  stock  in  trade  of  the 
shoemaker,  and  his  tools  being  few,  light,  and  662  ••  Whipping  the  Cat."  from  Harper's  New  Monthly  Maoaztne.  Jan..  1885 

easily  portable,  the  trade  could  be  practiced  wherever  the  artisan  happened  to  be.  With  lapstone,  shoulder 
stick,  hammer,  awl  and  waxed  thread  he  wandered  from  home  to  home  offering  his  services.  Shoemakers 
called  this  “whipping  the  cat,”  and  in  pleasant  weather  often  worked  in  the  farm  dooryard. 
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THE  “TEN-FOOTER” 

John  Adams  Dagys,  a 
Welsh  immigrant  settling 
in  Lynn  in  1750,  was  re¬ 
sponsible  for  converting 
shoemaking  into  a  central¬ 
ized  business.  Under  his 
scheme,  men  cut  out  the 
parts  of  a  shoe  in  a  little 
ten-foot  shop  and  sent  the 
uppers  out  into  homes 
where  women  “bound” 
them  together.  Upon  re¬ 
turn  to  the  shop,  men 
sewed  the  uppers  to  the 
soles,  and  shaped  and 
finished  the  shoes. 

Lynn  soon  had  many  of 
these  little  shops,  and  by 
1795  claimed  two  hundred 
master  workmen,  six  hun¬ 
dred  journeymen  and  a  yearly  output  of  three  hundred  thousand  pairs  of  shoes.  Lynn,  following  Dagys  lead, 
specialized  in  women’s  shoes.  After  the  Revolution,  the  region  near  Brockton  became  equally  famous  for  the 
manufacture  of  men’s  shoes,  some  of  the  citizens  of  the  locality  having  learned  the  trade  in  British  prisons 
during  the  war.  Lynn  and  Brockton  have  ever  since  shared  the  leadership  in  American  shoe  manufacture. 
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From  David  N.  Johnson,  Sketches  of  Lynn ,  1880 


THE  OLD  AND  THE  NEW 

The  old  Winslow  shop  at  Lynn,  Massachusetts,  one  of  the  “ten-footers,”  has  been  preserved  to  the  present 
day.  It  is  surrounded  by  the  great  structures  in  which  modern  factory  processes  are  carried  on. 


Courtesy  of  the  United  Shoe  Machinery  Corporation,  Boston 


*  <- 
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INTERIOR  OF  THE  OLD  WINSLOW  “TEN-FOOTER” 

The  old  Winslow  shop  was  recently  refitted  with  the  old-fashioned  equipment  used  about  1860  when  the  shop 
was  last  in  operation.  A  group  of  old-time  shoemakers  were  then  brought  to  the  shop  and  set  to  w  ork  making 
shoes  as  they  would  have  done  in  the  old  days.  One  night  they  went  away  and  did  not  return,  leaving  the 
shop  exactly  as  it  appeared  when  last  occupied  in  the  early  ’sixties. 


TYPES  OF  OLD-TIME  SHOES 
The  evolution  of  the  leather  shoe  starts  with  the 
moccasin  and  the  brogan.  Wooden  shoes  were  also 
made.  The  latter  were  by  no  means  limited  to 
Dutch  settlements.  Wooden  soles  for  leather  shoes 
are  also  common  now  in  many  parts  of  Europe.  In 
666  From  the  collections  of  the  Essex  institute  America  they  are  manufactured  mainly  for  special 

industries  where  it  is  necessary  to  keep  the  feet  dry,  and  are  used  largely  in  dye  houses  and  around 
chemical  vats. 
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From  the  collections  of  the  Essex  Institute 
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A  PAIR  OF  HANDMADE  BOOTS,  1813 
Despite  the  localization  of  the  shoe  business  in  the 
“ten-footers”  of  Lynn,  Brockton  and  neighboring 
towns,  shoemaking  remained  a  hand  trade  until  the 
middle  of  the  nineteenth  century,  but  the  shoe  crafts¬ 
men  long  since  gave  up  trying  to  make  each  pair  of 
shoes  fit  a  particular  individual.  A  standardized 
product  appeared  long  before  the  shoe  machine. 


669  Shoe  Pegged  by  Samuel  Preston,  1833,  from  the 

collections  of  the  Essex  Institute 
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From  the  collections  of  the  Poeumtuck  Valley  Memorial 
Association,  Deerfield,  Mass. 


THE  INVENTION  OF  THE 
PEGGING  MACHINE 

As  long  ago  as  the  16th  century,  wooden  pegs  were 
used  to  fasten  heels  to  shoes,  but  it  was  not  until 
about  1800  that  hand  whittled  wooden  pegs  were  used  to  join  the  upper  with  the  sole.  A  machine  for  making 
pegs  was  invented  in  1815  and  in  1833  another  machine  was  introduced  by  Samuel  Preston  for  performing 
the  pegging  operation.  The  latter,  however,  did  not  come  into  widespread  successful  use  until  about  1857. 
Besides  pegs,  iron  or  copper  nails  or 
screws  were  often  employed.  Pegged 
shoes  being  stiff  were  seldom  worn  on 
dress  occasions,  but  for  working  purposes 
they  are  still  made  and  sold. 

THE  INTRODUCTION  OF 
SEWING  MACHINERY 
The  first  machine,  introduced  in  1845 
and  adopted  extensively  by  shoemakers, 
was  one  which  rolled  sole  leather,  instead 
of  hammering  it,  to  make  the  sole  hard, 
compact  and  durable.  The  next  me¬ 
chanical  advance  was  the  adapting,  in 
1851,  of  Elias  Howe’s  sewing  machine 
for  work  on  uppers,  which  brought  this 
process  under  the  same  roof  as  the  other 
shoemaking  operations.  The  various 
forms  of  shoe- sewing  machinery  that  have 
developed  from  Howe’s  original  machine 
are  also  mainly  the  product  of  American 
inventive  genius.  The  modern  shoe  fac¬ 
tory,  in  the  parts  devoted  to  making  the 
uppers  of  shoes,  contains  scores  of  sew¬ 
ing  machines  that  differ  but  in  details 
from  those  used  by  the  housewife  for 
general  purposes. 


670  Howe’s  Sewing  Machine,  from  ilie  original  in  the  United  States  National  Museum 
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GOOD  YEAR- WELT  SEWING  MACHINE 

The  McKay  sewing  machine  produced  work  that  had  one  serious  fault;  the  stitching  was  carried  through  the 
inner  sole  and  left  a  ridge  which  rasped  the 
foot  of  the  wearer.  It  was  limited  therefore 
to  cheaper  grades  of  shoes,  high  grade  shoes 
continuing  to  be  handmade  by  the  welt 
process. 

A  welt  is  a  narrow  strip  of  leather  to 
which  an  inner  sole  and  upper  is  first  sewed 
and  then  an  outer  sole  attached.  By  using 
a  welt  a  sole  can  be  joined  to  an  upper  so 
that  no  sewing  appears  on  the  inside  of  the 
shoe  and  hence  leaves  a  smooth  surface  for 
the  foot  of  the  wearer.  The  origin  of  the 
ingenious  method  by  which  machinery  was 
applied  to  welt  shoemaking  is  usually  ac¬ 
credited  to  Auguste  Destouy,  a  New  York 
mechanic.  His  idea  was  developed  and  was 
finally  brought  to  perfection  by  Charles 
Goodyear,  son  of  the  inventor  of  rubber 
fabrics,  who  obtained  patents  for  his  welt 
machine  in  1871  and  1875.  Since  Good- 
year’s  machine  produced  welt  shoes  that 
were  more  comfortable,  more  exact  in  work¬ 
manship  and  cheaper  than  those  formerly 
made  by  hand,  the  machine  may  be  cred¬ 
ited  with  founding  modern  American  high 
grade  shoe  manufacture.  The  machines 
found  instantaneous  favor  and  were  intro¬ 
duced  by  the  hundred. 


671  From  the  original  machine  In  the  factory  of  the  United  Shoe  Machinery  Corporation, 

Beverly,  Mass. 

shoes,  for  from  the  first  the  machines  turned  out  thirty  times  as  much  work  per  day  as  a  man. 


BLAKE’S  SEWING 
MACHINE,  1858 
Lyman  R.  Blake  in  1858  invented 
a  sewing  machine  to  replace  hand 
work  in  sewiilg  soles  to  uppers.  He 
turned  his  invention  over  to  Gordon 
McKay,  a  capitalist  and  manu¬ 
facturer  of  Pittsfield,  Massachu¬ 
setts.  McKay  not  only  improved 
the  machine  but  was  responsible 
for  promoting  it  and  getting  it  ac¬ 
cepted  by  the  shoemakers.  As  a 
consequence  Blake’s  name  is  seldom 
associated  with  the  machine  of 
which  he  was  the  inventor. 

The  first  firm  to  use  a  Blake- 
McKay  machine  was  William  Porter 
and  Sons  of  Lynn,  who  set  up  the 
device  in  their  shop  in  1861,  an 
example  which  was  soon  followed 
by  other  manufacturers  of  cheap 
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Courtesy  of  the  United  Shoe  Machinery  Corporation 
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MODERN  SHOE  MACHINERY 
The  installation  of  McKay  and  Goodyear- 
welt  machines  formed  the  basis  for  a  large 
number  of  other  associated  mechanical  devices. 
Between  1850  and  1900  no  less  than  four  thou¬ 
sand  patents  were  issued  for  the  shoe  machinery 
industry.  Meanwhile  the  leading  machinery 
companies  combined  as  the  United  Shoe  Ma¬ 
chinery  Corporation,  which  makes  nearly 
every  machine  used  in  American  shoe  factories. 
The  machines  are  leased  rather  than  sold 
largely  because  when  the  first  machines  were 
introduced  they  were  too  expensive  for  shoe¬ 
makers  to  acquire  on  any  other  basis. 

One  of  the  most  amazing  and  relatively 
recent  shoe  machines  is  the  “pulling-over 
machine,”  which  pulls  the  upper  over  the  sole 
and  holds  the  upper  in  place  so  that  the  two 
may  be  sewed  together.  It  is  said  that  a 
million  dollars  was  spent  in  bringing  this 
machine  to  perfection. 

Although  few  shoe  factories  use  machines  for 
every  process,  there  is  a  machine  available  for 
each  one.  This  is  an  outstanding  achieve¬ 
ment  for  an  industry  which  at  the  time  of  the 
Civil  War  had  almost  no  machinery  at  all. 

Because  the  machinery  is  leased  rather  than 
sold  there  are  few  very  large  shoe  factories. 
Most  factories  are  not  only  small  but  highly 
specialized,  some  of  them  making  only  one 
small  part  of  a  shoe. 


The  Pulling-Over  Machine,  this  and  the  two  photographs  below, 
courtesy  of  the  United  Shoe  Machinery  Corporation 
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A  Lasting  Machine 
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An  Improved  Sole-Laying  Machine 
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ORGANIZED  LABOR  IN  INDUSTRY 

IN  1920,  out  of  our  population  of  one  hundred  and  five  millions,  there  were  forty-one 
million  wage  earners.  Whatever  concerns  labor  is  vital  to  the  well-being  of  the  nation. 
Industry  has  advanced  from  the  small-scale  local  individual  enterprise  to  the  gigantic 
corporation  whose  business  and  plants  are  spread  over  the  nation  and  even  the  globe,  and 
various  corporations  have  united  in  one  way  or  another  for  economic  or  political  purposes. 
In  like  manner  labor  has  forsaken  individual  bargaining  with  an  employer  and  has  united 
into  great  organizations  for  group  negotiations  concerning  wages,  hours,  or  working  con¬ 
ditions  with  aggregations  of  employers.  The  hostler  once  might  haggle  with  the  village 
liveryman,  but  the  locomotive  engineers  have  been  forced  to  organize  a  brotherhood  to 
deal  with  the  railroad  executives  of  the  country.  Labor  organization  has  paced  evenly 
with  industrial  organization. 

The  history  of  labor  shows  that  organization  develops  under  four  conditions.  (1)  The 
worker  must  be  separated  from  the  ownership  of  the  tools  or  the  means  of  production. 
(2)  Laborers  in  the  same  trade  must  be  able  to  come  into  close  contact  with  one  another. 
(3)  Opportunities  for  especially  gifted  workmen  to  rise  above  their  class  must  be  shut  off, 
with  the  result  that  these  men,  denied  individual  advancement,  become  leaders  in  the 
efforts  for  the  improvement  of  their  class.  (4)  The  condition  under  which  work  is  done 
must  be  burdensome,  so  that  the  men  engaged  in  the  work  feel  that  they  have  a  common 
grievance.  These  conditions  were  not  satisfied  in  America  until  after  1830,  and  then 
only  partially  until  after  the  Civil  War. 

There  could  be  no  effective  labor  organizations  in  the  United  States  in  the  earlier  years 
of  its  industrial  development.  The  early  artisans  in  general  each  carried  on  his  own  busi¬ 
ness.  The  shoemaker  owned  his  tools  and  his  shop,  bought  his  leather  and  sold  his  finished 
product.  With  the  coming  of  the  first  factories  employees  were  gathered  together  under 
the  same  roof  and  worked  for  wages  with  the  tools  and  materials  of  other  men.  Under  the 
industrial  conditions  that  prevailed  before  the  Civil  War  labor  unions  sprang  up  from  time 
to  time  but  none  were  able  to  maintain  an  existence  over  a  long  period  of  years.  The  rapid 
growth  of  a  nation  that  was  still  undeveloped  gave  opportunities  of  many  kinds.  Industry 
itself  was  growing  and  disgruntled  employees  might  get  better  jobs  in  new  enterprises. 
Cities  were  expanding  and  the  laborer  might  set  up  for  himself  in  a  small  commercial 
enterprise.  The  frontier  always  beckoned  those  who  preferred  being  their  own  masters 
to  working  for  hire.  The  abler  members  of  the  labor  group  were  always  finding  oppor¬ 
tunities  to  improve  their  condition. 

Following  the  Civil  War  the  great  labor  organizations  of  the  United  States  have  de¬ 
veloped.  Many  forces  have  operated  to  bring  them  about.  Their  influence  has  increased 
in  the  development  of  industry.  They  are  an  inevitable  and  an  important  part  of  the 
new  industrial  order.  At  first  these  unions  directed  their  attention  to  the  betterment  of 
the  economic  condition  of  the  workers  and  this  aim  still  remains  foremost.  But  of  late 
years  some  unions  have  been  paying  particular  attention  to  gaining  some  kind  of  partner¬ 
ship  in  industry  and  may  next  reach  out  for  a  measure  of  political  control. 
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A  TRIAL  OF  WAGE  EARNERS  FOR  CONSPIRACY 
There  was  no  definite  attempt  to  organize  labor  through  the 
colonial  period  of  America.  Following  the  Revolutionary  War 
there  were  a  few  city  trades  that  organized  from  time  to  time 
to  gain  some  desired  end.  The  trades  generally  affected  were 
the  shoemakers  and  the  printers,  whose  grievances  were  the 
abandonment  of  the  apprentice  system  with  consequent  in¬ 
cursion  of  “green  hands,”  and  the  depression  of  wages  due  to 
the  rise  of  the  merchant  capitalist.  The  latter  bought  mider 
contract  from  various  master  workmen  in  different  localities, 
played  one  against  another,  and  so  forced  prices  downward. 

The  shoemakers  and  printers  each  on  several  occasions  organ¬ 
ized  themselves  to  protest  and  strike  against  these  practices. 
The  result  was  that  the  masters  haled  them  into  court  on  the 
charge  of  conspiracy. 

Their  cases  were  important  to  labor  because  they  involved  the 
strike  as  a  labor  weapon,  but  they  received  much  attention 
because  they  also  had  a  political  and  judicial  importance.  The 
question  was  whether  British  common  law,  under  which  the 
conspiracy  cases  were  brought,  was  to  be  accepted  as  American 
common  law  after  the  Revolution  had  severed  Anglo-American 
political  ties.  The  decision  was  that  British  common  law  did 
apply  here  as  part  of  our  common  heritage.  Whether  or  not 
under  the  common  law  a  strike  was  a  conspiracy,  the  judges  on 
the  various  cases  were  not  unanimous  in  opinion.  But  the 
cases  checked  the  growth  of  unionism. 


A  WAGE  AGREEMENT,  1814 
The  slow  growth  of  labor  organization  in 
America  is  partly  accounted  for  by  the 
uniformly  high  wages  as  indicated  by  a  bill 
of  prices  for  1814.  Cincinnati  was  a  frontier 
town  and  bricklayers  were  scarce.  For 
similar  work,  wages  were  lower  in  the  East. 
But  even  the  lower  eastern  wages  were  high 
as  compared  with  the  returns  for  the  same 
kind  of  work  at  the  time  in  Europe;  and  the 
purchasing  power  of  American  wages,  at 
prevailing  prices,  placed  the  worker  in  a 
position  superior  to  his  European  brothers. 
Hence  there  was  small  incentive  to  develop 
labor  organization.  Wages  were  bound  to 
be  high  in  early  nineteenth-century  America. 
Every  year  hundreds  of  canvas-topped 
Conestoga  wagons  were  crossing  the  Appa¬ 
lachian  mountains  taking  emigrants  from 
the  East  to  the  fertile  agricultural  lands  of 
the  Mississippi  valley.  Wages  must  be 
attractive  to  compete  with  the  lure  of  the 
West. 


BILL  OF  PRICES, 

AGREED  ON  BY  THE 

BRICK-LAYERS  OF  CINCINNATI, 

MARCH  1,  1814. 


Poll*.  Cta. 

S  00 
3  -50 
.  1  00 
I  00 
1  '50 


1-2 


Brick  laid  (labor  only)  for  brick  Sc  half  walls,  per  thousand, 

Do.  •”  for  all  exterior  9  inch  walls,  per  thousand, 

Do.  for  the  3d  story  vf  houses,-  per  thousand,  extra. 

For  finding  lime,  sand,  loam  wSfwater,  per  thousand,  •  A 

Outside  arches,  in  front,  common  size,  extra,  • 

Back  and  side  arches,  outside,  do.  do.  •  *' 

For  all  inside  arches,  do.  — 

Brick  cornice,  per  foot,  running,  do.  -. 

Oiling  and  Penciling  per  yard,  superficial, 

For  setting  door  sills,  -  *  * 

For  trimmers,  common  size, 

For  laving  hearths,  do.  *  - 

Brick  pa-1-,,  W^ard,  superficial,  ^ 

'  Fof-  filling-in  with  brick,  do.  * 

o.vens,  3  feet  by  2  feel  6  inches,  or  und£r,  each,  • 

Do.  larger,  per  foot  in  depth,  -  -  -  „  . 

'.  Chimneys  to  frame  houses,  per  thousand,  counted  solid, 

Walls,  laid  Flemish  bond,  to  be  counted  solid  in  all  cases. 

All  other  walls,  doors  and  windows  only^to  be  deducted. 

The  number  of  brick  to  be  ascertained  bjtounting  them  after  they  are  laid. 
Scaffold-boards  and  cords  to  be  found  bytne  employer.  ! 

We,  the.  subscribers,  have  duly  considered  the  above  prices  as  Was  be  worked 
•  for.  • 


1  00 

1  50 
25 
12 

1  00 
1  00  ' 
rod  ' 

18  3-4 
*  18  3-4 
5  00  ' 

2  00 
4  00. 


ISAAC  STAGS, 

L0J<TUS -KEATING, 

jAwszbc.  ypsis,  ' 
JONATHAN  PANC0A8TV 
HE.Vitfri CRAVEN, 


HAMUEL  BROADWELt, 
NATHAN  DICKS, 

'ferns  FISHERY  ' 

JOSEPH  PANCOAST.  “ 


CINCINNATI-PRINTED  BY  LOOKER  AND  WAU.ACB.  '  {■ 
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From  a  broadside  in  the  New  York  Historical  Society 


THE  TRIAL 


BOOT  &  SHOEMAKERS 


OF  PHILADELPHIA, 


ON  AN  INDICTMENT 


fOR  A  COMBINATION  AND  C0NSPIRAC1 


TO  RAISE  THEIR  WAGES. 


TAKE »  Ilf  SHORT-HAND, 

BY  THOMAS  LLOYD. 


PHILADELPHIA-. 


VmXXTftB  IT  GRAVES,  NO.  40,  NORTH  TOtTRTH-flTRRRT, 
TOR  T,  LLOYD,  AMD  B.  GRAVEL. 


1806. 


676  Title-page  of  a  pamphlet  published  at 
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g7g  From  The  Co-operative  Magazine,  .London,  18:28 

NEW  HARMONY,  A  UTOPIAN  EXPERIMENT 
Social  reform  was  the  first  weapon  seized  by  American  labor,  and  this  program  has  been  favored  over  and 
over  again  in  our  labor  history.  Especially  in  periods  of  business  depression  when  other  labor  weapons  are 
weakened,  Utopian  communities  have  appealed  to  American  workers. 

Among  the  earliest  reformers  to  advocate  the  community  idea  in  America  as  a  means  of  improving  the 
worker  was  Robert  Owen.  Owen,  a  successful  manufacturer  of  cotton  at  the  New  Lanark  Mills  of  Scotland, 
became  persuaded  that  environment  is  the  most  vital  element  in  shaping  character.  Although  at  first  his 
ideas  were  accepted  among  many  in  England,  he  made  the  mistake  of  flouting  religion,  and  turned  to  America 
to  found  a  colony  wThere  environment  should  be  conducive  to  the  development  of  high  character. 

His  plan  was  to  build  a  structure  in  the  form  of  a  hollow  square  in  which  all  the  people  of  a  community  were 
to  live  together  by  families.  Children  after  the  age  of  three,  however,  were  to  be  brought  up  by  the  entire 
community.  There  was  to  be  a  common  kitchen  and  dining  room.  Attached  to  the  project  were  to  be  from 
one  thousand  to  one  thousand  five  hundred  acres  of  land  upon  which  everything  wTas  to  be  raised  that  would 
make  the  community  self-sustaining.  All  the  people  (five  hundred  to  three  thousand)  were  to  work  equally 
and  share  in  common  the  products  of  their  joint  effort. 

NEW  HARMONY,  THE  REALITY 

Arriving  in  America,  Owen  bought  from  a  group  of  religious  enthusiasts  a  settlement  in  Indiana  called  New 
Harmony  and  in  1826  began  to  put  his  ideas  into  practice.  He  attracted  to  the  place  a  number  of  reform¬ 
ers  of  different  types,  several  notable  scientists,  a  sizable  group  of  interested  people  of  no  distinction,  and 

a  number  of  casual  floaters  looking  for 
an  easy  living. 

Almost  from  the  start  trouble  arose  in 
New  Harmony.  Slothfulness,  jealousy, 
and  the  desire  of  each  reformer  to  push 
his  own  favorite  program  created  dis¬ 
sension.  Group  after  group  split  away 
from  the  main  body  and  set  up  establish¬ 
ments  for  themselves,  but  all  on  Owen’s 
land.  Within  two  years  there  were  ten 
such  secession  camps.  Discouraged,  im¬ 
poverished,  defeated,  Owen  abandoned 
New  Harmony  and  returned  to  Great 
Britain  to  engage  in  other  reform  move¬ 
ments.  New  Harmony  to-day,  long  since 
deprived  of  its  communistic  character, 
has  a  population  of  about  two  thousand. 
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From  Maximilian’s  Reise  in  das  Innere  Nord-Amerika  in  den  Jahren  1832-4, 
Coblenz,  1839-41,  after  tbe  drawing  by  Carl  Bodmer 
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ROBERT  DALE  OWEN,  1801-77 
Robert  Owen’s  four  sons  came  with  him  to  the  United  States  and 
all  four  eventually  became  citizens.  One  was  a  prominent  geologist 
and  another  a  professor  of  natural  science  at  Nashville  University. 

The  most  famous  son  was  the  eldest,  Robert  Dale  Owen,  who  served 
two  terms  in  the  Indiana  legislature  and  one  term  as  a  representative 
in  Congress.  It  is  said  that  Owen  was  responsible  for  the  insertion  in 
the  Indiana  Constitution  of  1850  of  the  provisions  giving  control  of 
property  to  married  women  and  widows.  He  also  fought  for  and 
secured  liberal  divorce  laws  in  Indiana.  He  was  closely  associated 
with  Frances  Wright,  one  of  the  first  suffragists. 

Robert  Dale  Owen  was  at  the  forefront  of  the  labor  movement  for 
free  schools  and  took  part  in  the  political  activities  of  labor  in  New 
York  City.  Before  he  died,  he  became,  like  his  father,  an  ardent 
advocate  of  spiritualism. 

FRANCES  WRIGHT,  1795-1852,  A  SOCIAL  REFORMER 
OF  THE  ’THIRTIES 

An  intimate  friend  of  the  Owens  in  America  was  Frances  Wright. 

“Fanny”  Wright,  as  she  was  known  in  America,  was  born  in  Dundee, 
Scotland,  in  1795,  where  she  was  left  an  orphan  at  an  early  age.  In 
1818  she  visited  America  and  wrote  a  description  of  contemporary 
American  life,  now  an  important  source  for  students  of  that  period. 

Miss  Wright  was  one  of  the  guiding  spirits  at  New  Harmony  and 
was  closely  attached  to  the  Owens  in  many  enterprises.  She  advo¬ 
cated  many  forms  of  freedom  —  of  speech,  of  labor,  of  slaves,  and  of 
women  from  the  bonds  that  tied  them 

She  was  so  much  at  variance  with  her  times  that  she  met  with  almost 
universal  condemnation  from  the  press  and  the  pulpit,  but  a  number 
of  “Fanny  Wright  Societies”  were  formed  to  teach  her  ideas. 

The  Free  Enquirer  was  the  organ  of  “Fanny”  Wright’s  attacks  on 
the  social  abuses  of  her  day,  the  chief  of  which  was  the  inequality 
between  the  rights  of  property  and  the  rights  of  men.  Begun  at 
New  Harmony,  this  paper  was  for  a  time  edited  by  Robert  Dale  Owen. 
When  Miss  Wright  came  to  New  Harmony  she  joined  Owen  as  editor. 
Later  the  two  moved  their  paper  to  New  York,  where  they  took  a 
prominent  part  in  the  political  labor  movement  of  the  ’thirties. 

681  From  a  lithograph  by  Lemercier,  about  1840, 
courtesy  ot  the  Workingmen’s  Institute,  New 
Harmony,  Indiana 
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THE  NEW-HARMONY  GAZETTE. 

Tbs  cpintia  which  the  inTMtigitioni  of  the  New- 
fi.noonj  Guette  here  been  hitherto  conducted  i. 
known  to  it>  render..  It*  general  character  from  the 
commencement  hit*  been  unifora;  bnt  from  the  cir- 
comstance  of  it*  being  enoointed  with  the  experi¬ 
mental  tocirtie*  of  the  proprietor  of  Now-Harmony, 

derive*  iU  claim  to  the  attention  and  the  support  of 
the  honest  and  enlightened. 

Let  of  not  be  misunderstood.  We  lay  no  claim 
to  unmatched  abilities;  let  out  talent*  speak  for 
themselves.  Competition  i»  *»  far  !rotn  oup  otycet 
as  we  believe  vain  glory  to  be  from  our  hearts.  We 
trust  that  many  are  wiser,  and  we  kaow  that  many 
are  more  gifted  than  ourselves;  but  we  have  yet  to 
see,  ami  would  that  we  could  see!  those  who  ate  as 
earnest  to  the  work  nud  at  (earless  in  its  execution. 
If  intrepidity  of  character  nod  conscientiousiyM  of 
conviction  in  this  count  for  something,  situation 
must  count  for  more.  We  are  neither  Priests,  Law¬ 
yers,  Merchant*,  Soldiers,  Statesmen,  Politician*, 
nnr  Professor* :  neither  servants  to  nor  dependents  on 

nut  least,  by  its  warts  of  public  time  and  public  tno- 
ocy.  True  or  false,  indifferent  it  can  never  be,  so 
long  as  men  lave  happiness  or  deprecate  misery. 

In  these,  as  in  all  our  discussions,  we  exact  from 
our  Correspondents  what  we  promise  for  oursdvas; 
courtesy  uml  moderation.  While  there  is  no  doe 
trine  so  moved  that  we  shall  approach  its  discusrioo 
tritb  apprehension,  there  is  none  so  extravagant  that 
we  shall  treat  it*  expression  with  oontempt. 

We  wilt  insert  any  spirited,  well* written*  commu¬ 
nication,  be  it  religious  or  in&Iel,  orthodox  nr  betero- 
dox^fit  be  dictated  by  good  taste  and  expressed  in 
the  spirit  of  charity.  Wa  will  reject  no  creed  bat 
the  creed  of  low,  nor  any  system  of  morality  but 

Facsimile  of  part  of  the  front  page  of  the  issue  of  Oct.  29,  1828 


,  economic,  marital  and  political. 


680  From  a  photograph  taken  about  1870, 
in  possession  of  the  Owen  family 
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683  Courtesy  of  Arthur  Brisbane,  New  York 


FOURIERISM  IN  AMERICA 
Brook  Farm,  a  communistic  experiment  of  certain 
New  England  intellectuals,  was  converted  by  Brisbane 
into  a  phalanx,  and  another  community,  now  Red 
Bank,  New  Jersey,  sprang  into  fame.  These  and 
several  similar  enterprises  repeated  the  old  story  of 
dissension,  misfortune,  and  eventual  failure. 
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684  Title-page  of  Vol.  I  of  The  Harbinger,  published  In  1815 
by  the  Brook  Farm  phalanx 


ALBERT  BRISBANE,  1809-90 
Another  who,  like  Owen,  advocated  the  solution  of 
labor  problems  by  means  of  self-supporting  communi¬ 
ties  was  Albert  Brisbane.  The  chief  influence  on 
Brisbane’s  life  was  exerted  by  Francois  Fourier,  the 
French  sociologist,  who  preached  that  society  progressed 
upward  from  plane  to  plane  of  happiness  and  who 
declared  that  the  way  to  hasten  the  process  was  to 
gather  all  those  on  the  same  plane  into  communities, 
which  he  called  phalanxes.  Although  the  doctrine 
had  run  its  course  in  France  and  several  phalanxes 
had  already  collapsed,  Brisbane  attempted  to  set  up 
similar  phalanxes  in  America. 

THE 

RIGHTS  OF  MAN 

BEING  A  PROPOSITIOH 

TO  WAKE  XT  EQ.VAX.  AMOMG  THE  ADTJX/TS 

or  THE 

PRESENT  GENEBATIONS 

and  to  provide  for  its  equal  transmission  to  every 

INDIVIDUAL  OP  EACH  SUCCEEDING  GENERATION,  OM 
ARRIVING  AT  THE  AGE  OP  MATURITY. 


ADDRESSED  TO  TI1E 

CIT1IENS  OP  THE  STATE  OP  NEW-YORK,  PARTICULARLY,  113  TO 
the  people  of  other  States  and  Kations,  generally. 


•<  I  hold  these  troths  lobe  self-eritleDt;  that  all  men  are  created  eqsal ;  that 
OKT  are  endowed  hv  their  Creator,  withcertaia  inalienable  nrtrtl ;  and  the* 
amour*  these  sre  Tii'e  liberty  ssd  properly.  *  -Altered  from  Mr.  JefUrm’A 
Declaration  of  Americas  Independence 

BY  THOMAS  SKIDMORE. 

-  i  ■  sa 

££cto=¥ocfc : 

PRINTED  FOR  THE  AUTHOR  BY  ALEXANDER  MING,  JR. 

109  BeekmaD-Atreet. 

_  1820. _ _ _ 

685  Title-page  of  a  pamphlet  published  In  1829 

AGRARIAN  REFORMERS 
Labor  reformers  also  sought  to  abolish  inequality  of 
property  ownership.  This  idea  first  became  prominent 
in  the  ’twenties.  Its  principal  advocate,  Thomas  Skid¬ 
more,  prominent  in  the  political  labor  movement  of 
his  day,  proposed  that  the  state  take  over  all  existing 
property  and  divide  it  equally  among  all  the  citizens. 
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T 

HE  WORKING  MAN’S  ADVOCATE 

OBOAH  or  THE  BTATZONAI  BEFOXM  ASSOCIATION. 

The  Woiuuko  M  <*'* 
Advocate  u  published 
every  Saturday  morning 
at  tl»  office  of  the  I’r.o- 
R*uht»,  N.  fc.  C. 
of  Amt  and  Nawmu  (8*. 

Terms  #1.50  a  year, 
in  advance,  w  at  tin: 
tutu;  rate-  for  any  *5u>rt* 
er  period.  No  paper 
«w*l  longer  than  paid  for. 

“  The  card,  a  the  habitation,  the  natural  inheritance  of  mankind, 
of  H#M  prevent  and  to  come  ;  a  habitation  ivetoiigiHg  to  ao  Utah  to 
jnulicttiar,  but  to  ««*ry  mao  ;  and  «•!»  in  which  ail  h*to  am  equal  right 
(o  dwell '' — Jt*B  Craj. 

••  No  one  >•  able  to  prod.K*  a  eharivr  from  tea  tva,  or  b*»  ouy  better 
title  to  »  particular  piMaea.uo  n  than  bw  neighbor  '  -fW«jr 

”  1  would  restore  the  whole  Uod  to  it*  original  tlf.lman.rn,  that  u 
to  my.  tv  hut  it  or^iwdlr  «r»,  and  our  ought  to  be  the  common  pro¬ 
perly  of  all  tiod’a  people,  tire  t*ub>  be  longing  to  the  nation  only,  and 
every  Oiau  has  ine  at  *>•>•»  a  rutfet  to  rent  a  ponton  from  th*  «aW,  a« 
ev  tiy  other  B-  Gf  Brie*. 

Thu  land  .ball  not  bo  •*  The  ta»v*  of  maa- 

soldftwew—  MoUu  kind  haa  not  been 

"  There  is  no  foon.  lorn  **'**  “ddlea  00 

dation  iu  nature  ot  iitflT  gUmr  bach*,  nor  a  fa- 

natural  law,  wbyaetuT'X,  LI|T^  &  cored  few  booted  and 

of  words  upon  pureh.S  fS  apuired.  ready  to  ride 

meat  ahould  convey'  '  them  legitimately  by 

the  dominion  of  lanj.'* _ ^«k.  lb- gr*.  -  of  tied  "  - 

What  are  die  nehi.  t,.  «h«b  men  »r,  ooi.Ued  by  tiw  law.  of  N»- 
um,  or  U«t  gill.  of  the  f-reatw !  The  IH-cbtrauou  [of  Imdopeadam  e  J 
"•  already  named  mu  of  tfujm :  |.  «.  fif,  riUrlo,  u «rf  tV  »«« u  J 

to  wlurlt  l  wiN  odd,  .atpdr^i,  fircortA  „  J Z 
nvata  aU  equally  mdiapmtwld.  «„  the  of  amn.'-M  Jvpc. 

•  The  remedy  I  prupoao  fnj  the  iocreajtuut  pauparUta  of  the  II oiler1 
State.,  and  of  i*  Voric  iB  partKttW,  bli STof on 
the  lands  or  the  fu  weat.  which  would  oat  only  afford  p«  rmatKsw  rtdtef 
t«  our  uidtappv  brethren,  bat  would  re-ora  dot  eelf-re.pect  and  boo- 
orable  principle  itiseparablr  front  dti»natdp  •’—Rev  Wm.  U.  Om- 
»i»t' .  lecture.  IrA  INI.  r 

Qjf“  Too  pei  una.  ai- 
loweT  to  postruhsutra 
and  agent*. 

"  a  roetiHM**  ue.r  wn* 
nuwf  at  a  leUeriotln. 
of  «  nrwapstAir,  to  na,  tin-  .ah 
«C'l|4loo  of  a  titlnf  p-  noei.  u,t 

frank  the  letter  If  mutts  >r 

Jltwrir.” 

Lotton;  to  bo  addrr**- 
od  (postage  &««*)  to 
Goorpp  II.  Evu  ns. 

NO.  8.  VOL. 

_ NEW  SERIES. 

NEW  YORK.  SATURDAY,  MAY  18,  1844. 

Facsimile  of  the  title  of  the  issue  of  May  18,  1844 


GEORGE  HENRY  EVANS  AND  LAND  REFORM 
The  Skidmore  program  came  to  nothing,  but  in  the  early  ’forties  George  Henry  Evans,  a  Welshman,  proposed 
an  adaptation  of  the  idea  that  was  more  workable.  He  called  attention  in  his  newspaper  The  Working  Man's 
Advocate  to  the  vast  amount  of  idle  unoccupied  land.  He  said,  “Give  this  land  to  all  who  will  take  it  and 
make  good  use  of  it.”  At  the  time  it  was  predicted  that  it  would  take  from  four  hundred  to  nine  hundred 
years  to  settle  the  public  domain,  judging  by  the  number  of  sales  then  taking  place,  and  the  extent  of  the 
land  available. 

Evans’  theory,  also  advocated  by  many  others,  particularly  those  with  some  special  interest  in  the  West, 
either  economic  or  political,  developed  into  the  agrarian  movement.  Of  course  it  met  with  opposition. 
Southern  slaveholders  feared  it  would  restrict  the  expansion  of  slavery,  eastern  landlords  execrated  it  because 
it  meant  the  fall  of  rents,  employers  decried  it  for  the  double  reason  that  it  would  remove  labor  and  raise  wages; 
capitalists  frowned  upon  it  because  it  would  lower  the  value  of  their  eastern  investments,  and  dump  upon  the 
market  a  new  class  of  risky  investments  in  pioneer  western  communities.  The  power  of  the  South  in  Congress 
prevented  any  action  until  the  Civil  War.  Then  the  Homestead  Act  went  through  and  thirty  years  of  agrari¬ 
anism  came  to  a  successful  conclusion. 


THE  “TIME  STORE”  AND  THE  LABOR  NOTE 
Josiah  Warren,  also  a  communist,  proposed  to  substitute  for  a  currency 
based  on  metals  a  currency  based  on  a  unit  hour.  He  made  no  dis¬ 
crimination  as  to  the  kind  of  labor  but  merged  skilled  and  unskilled  in 
his  calculations.  An  hour’s  time  of  a  bricklayer,  doctor  or  ditch  digger  was  evaluated  alike.  Warren  issued 
notes  in  denominations  representing  labor  time  and  used  these  notes  in  place  of  money.  For  two  years 
(1826-28),  in  his  retail  “time  store”  in  Cincinnati,  he  accepted  his  own  labor  notes  as  currency.  He  also  ran 
a  similar  store  at  New  Harmony.  Since  he  could  not  get  his  own  creditors  to  accept  the  same  currency,  the 
store  was  finally  closed.  Warren  eventually  became  an  anarchist,  and  is  credited  with  being  the  first 
American  to  espouse  this  philosophy. 

The  projects  of  Warren,  Owen  and  Frances  Wright  were  but  a  phase  of  an  intellectual  ferment  working  in 
early  nineteenth-century  America.  It  was  a  day  of  reform  movements.  Some  organizations  were  seeking 
prison  reforms,  others  the  building  of  asylums  for  the  insane.  Temperance  societies  were  beginning  the  long 
war  on  alcohol  and  the  saloon.  The  Sunday  school  was  a  new  thing.  Antislavery  societies  were  initiating 
that  crusade  which  was  to  end  only  with  Civil  War.  With  the  rest  labor  was  struggling  forward. 


687  Josiah  Warren,  1799-1874,  from  a  bust 
by  Sydney  H.  Morse  in  the  Workingmen’s 
Institute,  New  Harmony 


688  Labor  Note  issued  by  Warren  at  New  Harmony,  from  tbe  original  in  the 

Workingmen’s  Institute,  New  Harmony 
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THE  COOPERATIVE  MOVEMENT 
Cooperation  in  production,  credit  and  consumption  has  been 
another  social  reform  close  to  the  heart  of  the  labor  movement. 
One  of  the  first  leaders  in  this  program  was  Thomas  Phillips,  a 
shoemaker  who,  emigrating  to  the  United  States  from  England 
in  1852,  sought  to  transplant  the  Rochdale  cooperative  move¬ 
ment  in  America.  .  . 

Producers’  cooperation,  tried  over  and  over  again  m  the 
United  States,  has  never  succeeded.  Enterprises  that  have  been 
started  in  this  way,  if  continued,  did  so  as  regular  joint-stock 
associations  with  one  or  more  dominant  “bosses.”  Otherwise 
these  experiments  have  failed.  The  same  is  true  of  consumers’ 
cooperation.  The  reasons  seem  to  be  that  Americans  are  not 
impressed  with  the  small  savings  possible  in  cooperative  stores 
and  will  not  inconvenience  themselves  to  patronize  such  stores. 
The  American  workers,  too,  lack  the  homogeneity  necessary  to 
cooperative  success.  What  cooperatives  we  have  had  have 
suffered  from  incompetent  or  dishonest  management.  The 
chain  store  system,  although  frankly  capitalistic  and  run  for 
private  gain,  fills  the  need  in  this  country  that  is  met  elsewhere 
by  the  cooperative  store. 

Cooperative  credit  in  building  and  loan  associations,  however, 
has  been  successful  to  a  high  degree  in  America.  This  is  be¬ 
cause  such  loans  provide  the  means  for  workmen  and  others  to 
obtain  money  on  terms  impossible  through  the  regular  banks. 
This  is  one  of 
the  best  de¬ 
vices  for  im¬ 
proving  the  lot 
of  those  who 
earn  wages. 

BEGINNINGS  OF  AMERICAN  SOCIALISM 
In  this  country  the  labor  movement  has  ne\er  entered 
officially  into  politics  under  the  Socialist  banner.  Most 
of  the  rank  and  file  support  of  Socialism  in  America,  until 
recently,  has  come  from  German  immigrants  in  their 
first  years  in  the  United  States.  Leaders,  however,  have 
been  most  frequently  Americans  of  longer  standing.  The 
father  of  American  Socialism  is  said  to  have  been 
F.  A.  Sorge,  who  promoted  this  program  in  the  ’seventies. 

In  the  two  following  decades  Daniel  De  Leon  was  a  leader 
of  the  Socialists.  Since  1890  there  have  been  many 
leaders,  but  the  most  prominent  figure  has  been  Eugene  V. 

Debs.  The  Marxian  doctrines  have  not  been  hailed  with 
the  enthusiasm  in  America  that  they  have  met  with  in 
parts  of  Europe. 

The  Socialists  within  the  American  labor  movement  and 
those  outside  it  have  endeavored  continuously  to  swing 
organized  labor  into  the  ranks,  but  organized  labor  in  this 
country  has  always  resisted  such  attempts.  Probably 
Socialism  and  all  other  radical  programs  of  social  reform 
have  no  more  bitter  and  determined  enemies  than  the  men 
who  control  organized  labor  in  America. 


SUfau  U  to  Certify  that .  , 

ij  enrolled  a  c Member  of  the  ThctHCtlJ' (bopera!if£ 

guild  :  ,i  self-governing  organization,  of . !. 

Horne*. ,  who  Worf  through  Co-operatic. 

Welter^  of  the.  people, seeliing  freedom  for  their 
own  pn>6rm,and  the  Cgual  felhrjjship  ol  men 
and  Women  in  the  Home,  the  Store,  the  JfhrJfwo 
and  the  Stai ^  ■ 
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“GENE”  DEBS,  1855- 

Eugene  Victor  Debs,  the  outstanding  Socialist  of  America, 
was  born  in  Terre  Haute,  Indiana,  in  1855.  He  began  his 
career  as  a  locomotive  fireman,  was  once  an  official  in  the 
Brotherhood  of  Locomotive  Firemen,  and  also  a  representative 
in  the  Indiana  legislature.  His  surging  spirit,  however,  would 
not  permit  him  to  sanction  the  opportunistic  conservative 
policies  of  the  Brotherhood,  so  he  organized  and  was  president 
of  the  American  Railway  Union,  the  group  that  led  the  famous 
Pullman  strike  as  a  result  of  which  Debs  went  to  jail.  Since 
1900,  Debs  has  been  five  times  the  Socialist  candidate  for  Presi¬ 
dent  of  the  United  States,  the  last  time  in  1920,  when  he  was  in 
the  Atlanta  penitentiary  for  his  opposition  to  the  World  War. 
Debs  is  a  lecturer,  writer,  and  organizer  for  the  Socialists  in  the 
United  States,  besides  being  their  favorite  candidate  for  high 
office.  Despite  differences  of  opinion  concerning  the  ideas 
Debs  has  advocated,  few  have  questioned  his  integrity,  sincerity 
and  high  idealism. 


THE  INDUSTRIAL  WORKERS  OF  THE  WORLD  BOI  „ 

691  From  a  photograph  by  Humboldt  Studios. 

Of  quite  a  different  ilk  have  been  the  leaders  of  the  Industrial  Chicago 

W  orkers  of  the  W  orld.  State  Socialism  proposes  state  ownership  and  operation  of  all  necessary  industries. 
Syndicalism  goes  a  step  further,  throwing  overboard  all  idea  of  political  government  and  concentrating  upon 
industrial  government.  It  proposes  to  give  to  the  workers  the  ownership  and  operation  of  industry. 

The  nearest  approach  to  syndicalism  in  the  United  States  is  found  in  the  Industrial  Workers  of  the  World. 
This  organization  was  formed  in  1905,  largely  by  the  efforts  of  William  D.  Haywood  —  “Big  Bill”  —  and 
comprised  the  radical  Western  Federation  of  Miners,  Socialists  under  the  leadership  of  Debs  and  Berger  and 
another  wing  of  the  Socialists  under  Daniel  De  Leon.  These  various  elements  differed  in  their  views  of  politics 
as  the  means  to  their  ends,  in  their  allegiance  to  sabotage  —  “direct  action”  —  and  in  their  concept  of  a  proper 
working  class  economic  organization.  In  1908  a  split  came,  and  the  I.  W.  W.  that  emerged  under  Haywood 
disavowed  politics,  upheld  organization  of  all  workers  in  an  industry  regardless  of  craft,  sought  to  overthrow 
capitalism  and  to  substitute  worker  ownership  and  operation  of  industry. 

This  organization  attracted  to  itself  the  unskilled  and  casual  laborers  of  the  West  and  finally  united  with 

itself  the  radical  minded  workers  of  the 
eastern  textile  industries.  Its  greatest 
demonstrations  were  the  textile  strikes 
of  Lawrence,  Massachusetts,  and  Pat¬ 
erson,  New  Jersey  —  led  by  Joseph 
Ettor  —  and  the  casual  labor  disturb¬ 
ances  in  the  West  during  the  World  War. 
The  I.  W.  W.  has  always  had  to  deal  with 
internal  dissension,  and  has  never  had 
more  than  sixty  thousand  members  at 
one  time,  an  insignificant  number  for  an 
organization  with  such  vast  ambitions. 

Haywood,  long  ago  discouraged  with 
the  I.  W.  W.,  withdrew  from  it  and  took 
up  Bolshevism.  He  was  brought  to 
trial  for  his  radicalism,  but  defaulted 
his  bail  and  went  to  Russia  in  1921. 
There  he  was  given  scant  welcome  by 
the  Bolshevists.  He  is  a  disappointed, 
hopeless  man;  he  has  spent  his  life 
in  endeavoring  to  raise  the  masses,  but 
the  masses  disown  him. 


692  William  D.  Haywood  and  Joseph  Ettor  at  Lawrence,  1912. 
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THE  “PLUMB  PLAN” 

Socialism  has  many  phases.  One  type  is  called 
Guild  Socialism.  This  program  of  social  reform 
proposes  that  the  government  own  all  the  in¬ 
dustries,  but  that  the  workers  operate  them.  W  e 
have  no  active  Guild  Socialists  m  the  United  States, 
but  after  the  World  War  a  plan  approaching  the 
doctrine  was  put  forth  by  Glenn  E.  Plumb,  then 
General  Counsel  for  the  Railway  Brotherhoods. 
The  “Plumb  Plan”  called  for  government  owner¬ 
ship  of  the  American  railroads  and  was  accepted 
by  the  four  railway  brotherhoods  and  by  the  rail¬ 
way  unions  affiliated  with  the  American  Federation 
of  Labor.  It  was  urged  upon  Congress,  but  was  not 
enacted  into  law. 

It  provided  that  the  United  States  government 
buy  the  railroads  from  their  private  owners,  but 
at  a  price  that  would  exclude  payment  on  watered 
stock.  It  was  then  to  lease  them  to  a  private 
operating  company  whose  managing  board  of 
fifteen  should  have  five  representatives  of  the 
public,  five  of  the  salaried  executive  officials  of  the 
railroad,  and  five  of  the  wage  earners  of  the  road. 
A  fixed  return  on  the  capitalization  was  specified. 
Larger  returns  were  to  accrue  in  part  to  the  govern¬ 
ment,  in  part  to  the  workers  in  the  form  of  higher 
wages  and  in  part  to  the  users  of  the  road  in  lower  rates. 


THE  WORKINGMEN’S  PARTIES 
OF  THE  ’THIRTIES 

The  movement  for  democracy  which  achieved  a  national 
triumph  in  the  elevation  of  Andrew  Jackson  to  the  Presidency 
in  1829  did  much  to  increase  the  political  significance  of  the 
common  man.  In  state  after  state  universal  manhood  suffrage 
was  adopted.  For  the  first  time  in  the  history  of  labor  in 
America,  the  great  majority  of  laboring  men  had  the  ballot. 

Their  earliest  instinct  seems  to  have  been  the  formation  of 
labor  parties.  In  1828  the  first  workingmen’s  party  in  the 
United  States  was  organized  in  Philadelphia  by  mechanics. 

At  the  same  time  laborers  in  New  York  were  restless  and  the 
Philadelphia  experiment  attracted  attention.  New  York 
workingmen  came  together  in  a  series  of  meetings  at  one  of 
which  a  committee  of  fifty  was  appointed  to  draw  up  a  plat¬ 
form  and  designate  candidates.  Internal  dissension  together 
with  lack  of  support  from  the  voters  resulted  in  the  disintegra¬ 
tion  of  the  movement  and  within  a  few  years  it  disappeared 
entirely.  The  labor  vote,  however,  was  from  this  time  on 
recognized  as  a  factor  in  politics. 

The  demands  of  the  labor  parties  of  the  ’thirties  included 
reform  in  the  banking  system,  a  mechanic’s  lien,  abolition  of 
imprisonment  for  debt,  public  education  of  the  children  of  the 
poor,  abolition  of  compulsory  militia  service,  and  electoral  reform.  The  workingmen  themselves  were  not 
strong  enough  to  carry  out  these  reforms.  Nevertheless  the  agitation  of  these  reforms  by  the  workingmen 
was  an  important  factor  in  creating  the  public  opinion  which  eventually  led  to  then-  adoption. 


REPORT 


Committee  of  Fifty. 


IN’  FAVOR  OF 

A  LIEN  LAW  on  Buildings,  Education,  and 
the  District  System  for  Presidential  Electors, 
fyc.  fyc.  I ye.  SfC.  :  ami 

AGAINST, 

Hauls,  Auctions,  Charters,  Exemptions  of  Church 
and  Priest's  Property  from  Taxation,  Imprison¬ 
ment  for  Debt,  Two  Chambers  for  our  City 
Government,  and  General  Ticket  for  Presidential 
Electors. 


Adopted  on  (he  10th  of  October,  182P,  by  a  General  Meeting  of 
Mechanics  aod  Working  Men  of  the  City  of  New -York. 


KEW-vonK : 

Trlnted  by  A.  Ming.  Jr  106  Bcckmaivstieet 
1829. 
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From  a  pamphlet,  New  York,  1829,  in  the 
New  York  Public  Library 
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THE  HENRY  GEORGE  CAMPAIGN,  1886 
The  incitement  to  form  a  separate  labor  political  party  has 
generally  been  the  failure  of  strikes  or  a  prolonged  business 
depression  or  both.  Perhaps  the  most  famous  illustration  of 
labor’s  entrance  into  politics  was  the  New  York  City  mayor- 
ality  contest  of  1886.  It  followed  a  series  of  strikes  and  court 
decisions  concerning  boycotts  that  were  disastrous  to  labor. 
New  York  City  had  a  strong  influential  Central  Labor  Union, 
organized  in  1881  and  numbering  about  fifty  thousand  mem¬ 
bers.  The  Union  in  1886  decided  that  political  action  was  the 
prime  means  of  promoting  the  best  interests  of  the  laboring 
class;  indeed,  it  had  acted  on  this  principle  since  1882  when  it 
entered  candidates  for  Congress,  the  New  York  Assembly  and 
the  Board  of  Aldermen.  It  now  approached  Henry  George  to 
find  out  if  he  would  be  its  candidate  for  Mayor  of  New  York. 
George  was  in  high  favor  with  the  workmen  Since  the  publica¬ 
tion  of  his  famous  book  Progress  and  Poverty,  1879. 

Seldom  has  New  York  seen  such  a  campaign.  The  accredited 
parties,  the  press,  and  all  the  beneficiaries  of  special  privilege 
were  against  George  and  the  Central  Labor  Union.  The 
Republican  candidate  was  Theodore  Roosevelt;  Abram  S. 
Hewitt  the  Democratic.  The  campaign  took  on  the  aspects 
of  religious  frenzy  and  was  marked  by  the  bitterest  personal 
abuse.  George  lost  by  about  twenty-two  thousand  votes  out  of  a  total  of  about  two  hundred  nineteen 
thousand.  George  and  his  friends,  heartened  by  this  result,  then  proceeded  to  form  a  national  labor  party 
and  to  run  George  for  secretary  of  state  of  New 
York.  But  the  polling  day  was  the  crest.  Internal 
dissension  over  Socialism  and  the  single  tax  rent  the 
party  in  pieces  and  within  a  few  short  months  it  was 
dead.  Its  national  campaign  never  materialized. 
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Henry  George,  1839-97,  from  a  photograph 
by  Sarony 


LABOR’S  NON-PARTISAN  POLITICAL 
PROGRAM 

The  George-Hewitt  campaign  was  typical  of  the 
history  of  separate  labor  parties.  Experience,  often 
repeated  before  the  1890’s,  taught  labor  that  separate 
political  parties  do  not  work.  Internal  dissension 
among  the  reformers  who  compose  the  party,  inex¬ 
perience  in  the  machinery  of  party  politics,  unwise 
selection  of  candidates  or  issues,  the  capture  of  popu¬ 
lar  issues  by  the  regular  parties,  slander,  vilification, 
ridicule  —  all  these  things  have  been  factors  in  the 
destruction  of  separate  labor  political  parties. 

After  the  ’nineties  organized  labor  did  not  officially 
enter  politics  as  a  separate  party  except  for  the  half¬ 
hearted  quasi-official  endorsement  of  the  La  Follette 
candidacy  in  1924.  Instead,  it  has  adopted  the  policy 
“Vote  for  friends,  defeat  our  enemies.”  This  means 
that  labor  studies  candidates  and  their  political 
records  and  then,  regardless  of  party,  votes  for  the 
individuals  who  seem  to  lean  most  favorably  toward 
labor’s  desires.  This  policy  has  brought  organized 
labor  rich  reward  in  the  form  of  desired  legislation. 


696  From  the  American  Federationist,  August.  1924,  cartoon 
by  John  Baer 
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LABOR  WINS  A  CABINET  SEAT 
In  carrying  out  its  political  policy  of  voting  for  friends 
and  against  enemies,  organized  labor  at  each  national 
presidential  election  draws  up  its  own  platform  and 
then  submits  it  to  each  regular  party’s  national  con¬ 
vention.  The  party  which  includes  the  greater  portion 
of  the  labor  plank  in  its  own  platform  then  receives 
the  official  support  of  organized  labor. 

It  happened  for  many  elections  prior  to  1912  that 
it  was  the  Democratic  party  that  most  often  and  fully 
espoused  the  labor  demands  in  their  platform,  and  in 
turn  obtained  the  support  of  the  officials  of  organized 
labor.  Since  the  Democrats  lost  consistently,  this 
mutual  aid  did  neither  group  much  good.  But  when 
the  Democrats  won  the  election  of  1912,  organized 
labor  reaped  the  harvest  of  its  years  of  support. 

Among  the  first  things  accomplished  (March  4, 
1913),  was  the  creation  of  a  separate  Department  of 
Labor,  whose  head  was  a  member  of  the  cabinet. 
William  B.  Wilson,  an  ex-officer  of  the  United  Mine 
Workers  Union,  was  appointed  Secretary  of  Labor,  and 
thus  organized  labor  had  a  member  in  the  cabmet 
without  having  a  separate  labor  political  party.  Like¬ 
wise  organized  labor  was  allowed  to  dominate  nearly 
every  portion  of  the  Department  of  Labor.  Organized 
abor  thus  became  part  of  the  government.  William  B.  Wilson  was  born  in  Scotland  in  1862  and  came  to 
the  United  States  in  1870.  Until  1898  he  worked  as  a  miner,  then  became  an  officer  of  the  Miners  mo  . 
From  1907  he  was  a  congressman,  representing  a  mining  district  of  Pennsylvania. 


697  William  B.  Wilson,  1862-,  the  first  Secretary  of  Labor. 

O  Harris  and  Ewing 


THE  CLAYTON  ACT,  1914 
Organized  labor  gained  another  advantage  after  1912 
as  a  result  of  Democratic  party  favor.  One  of  the  long¬ 
standing  grievances  of  labor  was  the  fact  that  the 
courts  had  construed  the  Sherman  Anti-Trust  Act  as 
applicable  to  labor  organizations.  To  remove  them¬ 
selves  from  this  category,  organized  labor  secured,  in 
1914,  the  passage  of  the  Clayton  Act,  sponsored  by 
Henry  De  Lamar  Clayton,  representative  from 
Alabama.  This  act  declares  that  the  labor  of  a  human 
being  is  not  a  commodity  or  article  of  commerce  and 
that  therefore  labor  organizations  shall  not  be  con¬ 
strued  as  illegal  combinations  or  conspiracies  in  re¬ 
straint  of  trade  under  the  antitrust  laws.  The  act 
also  limited  somewhat  the  use  of  injunctions  as 
weapons  against  labor. 

The  Clayton  Act  was  hailed  by  labor  as  its  great 
liberator.  But  judicial  decisions  have  so  construed 
the  act  that  the  labor  unions  have  not  received  from 
it  the  full  measure  of  immunity  supposed  to  have 
been  accorded  at  the  time  that  the  law  was  passed. 

Henry  De  Lamar  Clayton,  born  in  Alabama  in 
1857,  the  son  of  a  Confederate  officer,  studied  law  and 
became  a  United  States  District  Attorney  for  the 
Middle  District  of  Alabama.  He  was  a  member  of 


Congress  from  1897  to  1915. 
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Henry  De  Lamar  Clayton,  1857-.  ©  Harris  and  Ewing 
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THE  ABDICATION. 

THE  ADAMSON  ACT,  1916 
The  Adamson  Act  was  a  piece  of  legislation  somewhat 
akin  to  the  Clayton  Act  in  that  it  granted  special 
favor  to  labor.  Ostensibly  the  act  legalized  the  eight- 
hour  day  for  railroad  workers;  in  fact,  it  made  eight 
hours  a  basis  for  estimating  wages  but  permitted 
overtime  work  at  overtime  rates.  It  was  thus  in 
effect  a  wage-raising  law.  The  manner  of  its  passage, 
under  duress  through  the  threat  of  a  strike  at  the 
opening  of  the  World  War,  tended  to  alienate  public 
opinion  from  labor  measures  and  it  has  ever  since  been 
used  as  a  bogey  by  the  enemies  of  organized  labor. 

The  origin  of  the  trouble  that  led  to  the  Adamson 
Act  was  a  demand  in  December,  1915,  of  the  Brother¬ 
hood  of  Locomotive  Engineers  for  an  eight-hour  day 
and  a  statement  that  they  would  not  arbitrate  this 
issue.  They  refused  arbitration  as  provided  by  law 
(Newlands  Act)  on  the  groimds  that  the  railroad 
officials  had  unfairly  aroused  an  unfavorable  public 
opinion  and  would  overwhelm  any  arbitrators  with  a 
mass  of  cleverly  disguised  false  statistics,  that  the 
Newlands  Act  had  failed  in  previous  cases,  that  the 
railroads  refused  to  include  all  railroads  in  any  arbi¬ 
tration  proceedings  and  that  the  railroads  interpreted  arbitration  decrees  to  suit  themselves.  All  efforts  to 
bring  the  railroad  officials  and  Brotherhood  officers  to  an  understanding  and  settlement  failed.  President 
Wilson  therefore  called  both  sides  to  Washington  and  then,  after  hearing  them,  went  in  person  before  Congress 
on  August  29,  1916,  and  on  his  urgent  recommendation.  Congress  immediately  passed  the  Adamson  Act  as  a 
war  measure.  Few  events  of  the  war  years  caused  such  a  storm  of  controversy  as  the  Adamson  Act,  and  the 
storm  has  not  abated.  Whenever  the  act  is  mentioned  it  fans  the  fury  of  proponents  and  opponents. 


699  From  the  New  York  Tribune,  Sept.  4,  1916,  cartoon  by  Starrett 
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From  The  Masses,  Nov.,  1916,  cartoon  by  Maurice  Becker  (1889-) 
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THE  NATIONAL  LABOR  UNION,  1866 
Labor  nowadays  seeks  its  end  by  economic  pressure,  that 
is,  by  strikes  and  boycotts.  Its  principal  weapon  is  the 
craft  union.  An  important  phase  of  labor  history  has  been 
the  attempt  to  unite  the  unions  on  a  national  scale  and  give 
the  labor  movement  a  head. 

The  National  Labor  Union,  formed  immediately  after 
the  Civil  War,  was  one  of  the  first  attempts  to  federate. 
The  first  convention,  held  in  1866,  endorsed  enthusiastically 
the  Shorter  Work  Day  program,  and  took  active  steps  to 
secure  the  eight-hour  day.  But  instead  of  relying  upon 
economic  pressure  the  Union  launched  out  into  politics. 

The  second  convention,  in  1867,  intensified  the  National 
Labor  Union’s  departure  from  economic  pressure  into  the 
vague  realm  of  social  and  political  reform.  In  the  six  years 
of  the  National  Labor  Union’s  life  it  embraced  nearly  all 
the  doctrines  and  committed  almost  all  the  errors  of  its 
predecessors.  Consequently  the  trade-union  membership 
deserted  it  and  the  federation  sank  out  of  sight. 


WILLIAM  H.  SYLYIS,  1828-69 

The  leader  in  the  organization  of  the  National  Labor  Union  was  William 
H.  Sylvis,  head  of  the  Iron  Molder’s  Union.  Born  in  Armagh,  Pennsyl¬ 
vania  in  1828,  Sylvis  was  forced  by  his  father’s  failure  as  a  wagon  builder 
in  1837  to  become  an  apprentice  in  a  foundry.  After  serving  as  a  journey¬ 
man  he  became  part  owner  of  a  Philadelphia  foundry,  an  enterprise 
which  failed  and  left  him  again  as  a  journeyman.  The  iron  molders  of 
Philadelphia  organized  their  first  union  in  1855,  but  Sylvis  did  not  join 
until  two  years  later  when  there  was  a  strike  in  the  foundry  in  which  he 
worked.  After  joining  he  was  elected  secretary,  and  from  that  time  his 
career  was  identified  with  the  union  movement.  Due  to  his  skill,  energy, 
and  talent,  he  became  the  foremost  labor  leader  of  his  day.  Sylvis’ 
last  work  was  the  foundation  of  the  National  Labor  Union,  but  he  died 
suddenly  in  1869  before  his  plans  for  this  organization  had  borne  fruit. 

IRA  STEWARD  AND  THE  EIGHT-HOUR  DAY 
Ira  Steward,  a  Boston  machinist,  born  in  1831,  who  educated  himself  by- 
reading  and  study,  put  a  stamp  upon  the  labor  movement  that  has  lasted 
until  the  present  time,  although  Steward  w-as  a  free  lance  working  outside 
the  movement  of  organized  labor.  He  was  the  first  advocate  of  the 
eight-hour  day,  from  the  time  he  was  nineteen  until  his  death  in  1883. 
The  man  and  the  movement  were  inseparable.  Steward’s  individual 
reform  program  was  merged  in  the  regular  organized  labor  platform  in  the 
’sixties. 

Steward’s  theory  was  that  an  increase  in  a  worker’s  leisure  increases  his 
wants.  These  can  be  satisfied  only  by  an  advance  in  wages.  This  argu¬ 
ment  gave  rise  to  the  slogan,  “Whether  you  work  by  the  piece  or  work  by 
the  day,  decreasing  the  hours  increases  the  pay.” 

Steward  himself  favored  legislation  rather  than  trade  unionism  as  the 
means  of  shortening  the  workday,  but  the  labor  movement  seized  Stew¬ 
ard’s  idea  without  adopting  his  method.  The  Shorter  Work  Day  became 
a  cardinal  principle  of  craft  unionism. 


703  Ira  Steward,  1831-83,  from  the  portrait 
in  the  office  of  the  American  Federation  of 
Labor 
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701  Charter  of  a  Local  of  the  National  Labor  Union,  from  original 
in  the  office  of  the  American  Federation  of  Labor 
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FORMATION  OF  THE  KNIGHTS  OF 
LABOR,  1869 

The  first  really  great  labor  organization  in  the  United 
States  was  called  the  Noble  Order  of  the  Knights  of 
Labor.  This  order  was  bom  in  Philadelphia  in  1869; 
its  father  was  a  Philadelphia  tailor  named  Uriah 
Smith  Stephens,  a  man  who  had  been  educated  for 
the  Baptist  ministry  and  had  been  a  school-teacher. 

At  first  Stephens  intended  to  limit  his  membership 
to  the  needle  trades,  but  soon  after  the  first  local 
lodge  was  formed,  the  order  broadened  beyond  the 
clothing  industry.  Eventually  there  was  no  bar  to 
membership;  race,  creed,  color,  sex  and  occupation 
made  no  difference.  The  only  persons  denied  ad¬ 
mittance  were  liquor  dealers,  lawyers,  bankers,  pro¬ 
fessional  gamblers,  stock  brokers  and  —  prior  to 
1881  —  physicians.  The  Knights  of  Labor  was  wel¬ 
comed  both  by  the  workers  and  by  the  reform  element 
among  the  middle  class  and  it  grew  rapidly. 


SECRET  RITUAL  OF  THE  KNIGHTS 
OF  LABOR 

In  organizing  the  Knights  of  Labor  Stephens  intended 
it  to  be  a  secret  society,  a  policy  which  was  defended  on 
the  ground  that  it  was  a  security  against  prosecution 
by  employers.  Even  the  name  was  kept  secret  and  an¬ 
nouncement  of  meetings  was  made  in  mysterious  sym¬ 
bols.  From  these  facts  and  from  a  reading  of  the  ritual 
(seen  in  part  in  No.  705) ,  it  is  easy  to  see  that  the  Knights  at  first  resembled  a  fraternal  society  rather  than  a  union. 

This  secrecy,  however,  was  the  cause  of  public  indignation.  The  first  Ku  Klux  Klan  was  well  known;  the 
Commune  of  Paris,  the  ravages  of  the  Molly  Maguires  in  the  coal  regions  of  Pennsylvania,  were  contemporary 
events.  A  secret  labor  society  called  together  by  cabalistic  signs  was  a  source  of  terror.  Public  opinion  forced 
the  Knights  in  1878  to  abandon  secrecy. 


704 


Uriah  S.  Stephens,  1821-82,  from  a  photograph,  courtesy  of 
Terence  V.  Powderly 


'  .  OPENING  SERVICE. 

A  Globe  being  r'anort  on  the  nul.si.tc  of  the  Outer  Veil  i  a  copy  of 
the  Sacroil  Scriptures  closed,  and  a  Ik.x. or  basket,  containing  blank 
cards  on  a  triangular  Altar,  red  in  color,  in  the  centre  of  the  vesti¬ 
bule  i  a  Lance-  outlie  outside  of  the  Inner  Veil,  or  entrance  to  the 
Sanctuary,  over  the  winket :  that  the  initiated  may  know  that  an 

Assembly  of  the  *  *  •’  '  *  *  *  »  '  ,  .  .  .  . 

The  M.  W.  will  proceed  to  open  an  Assembly  m  duo  form  as  tol- 

lows : 

Precisely  at  the  hour  for  opening,  the  M.  W.  standing  at  the  i  ap- 
ital,  shall  give  one  rap  and  say,  ‘•At!  persons  not  entitled  to  sit  with 
us  will  please  retire."  After  a  short  pause,  lie  will  say  : 

M.  IT.  The  proper  Officer  will  satisfy  bini-elt  that,  till 
present  are  entitlc.1  to  sit  with  us,  ami  make  the  l'topcr. 
record. 

The  W.  In.,  examines  all  present,  and  makes  the  proper  record  in 
thoM  W.  roll  book.  Members  at  a  distance  of  three  miles,  or  out 
of  the  State  ;  any  one  reported  sick,  or  Brothers  absent  from  the  cty 
reporting  by  letter,  receive  a  present  mark.  When  done,  reports  as 
follows : 

IE.  /.  M.  \V„  I  have  examined  all,  and  w  ill  make  the 
proper  record. 

M.  If.  W.  F.  nee  that  the  Veils  are  properly  marked 
and  securely  closed.  Allow  none  to  enter  or  retire  dur- 


4 


ing  the  Opening  Service,  ami  that  tin*  O.  ISstp  and  ail 
Brothers  are  in  the  Sanctuary. 

The  \V.  F,  after  attending  carefully  to  the  duties  reports  thus: 

W,  J’\  M.  W.  the  Veils  are  properly  marked  and  sc- 
curely  closed,  the  O.  l>s»i  and  all  Brothers  are  in  the 
Sanctuary. 

Give  three  raps.  The  Organist  may  perform  a  symphony,  and  ap¬ 
propriate  Odes  may  be  sung,  if  there  ho  such  arrangements  for  music. 
Tho  officers  each  bearing  his  standard  and  insignia  of  office,  form 
a  circle  around  the  centre,  at  which  is  a  square  Altar, ou  which 
is  spread  open  a  copy  of  the  Sacred  Scriptures;  the  officers  in 
position  as  near  on  a  line  from  the  centre  to  their  stations  in  the 
Sanctuary  as  may  be  ;  the  members,  as  many  as  can,  standing  by 
the  aide  of  the  officers  to  form  a  complete  circle  or  circles  on  the  out¬ 
side.  Perfect  quiet  being  had,  the  M.  W.  shall  say  an  extract  from 
the  Sacred  Scriptures  appropriate  to  the  occasion,  such  as  this,  for 
example : 

I f.  IE.  BehMd  how  good  and  how  pleasant  it  is  for 
brethren  to  dwell  together  in  unity.  It.  is  like  precious 
ointment  upon  the  head,  ns  the  dew  ot  Hermon,  and  as 
the  dew  that  descended  upon  the  mountains  of  Zion,  for 
there  the  Lord  commanded  the  blessing,  even  life  for¬ 
evermore.  . 

Turning  to  the  V,  8.  the  M,  W.  shall  say : 

M.  11’.  V.  S.  what  are  the  duties  of  the  M.  W  '! 

Y.  ,S.  To  preside  with  impartiality  ;  see  that  all  man¬ 
dates  are  faithfully  executed.  In  eases  of  emergency, 
where  no  law  exists,  to  use  his  best  judgment  tor  the,  <n- 
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From  the  Adelphon  Kruptos.  secret  ritual  of  the  Knights  of  Labor,  courtesy  of  Terence  V.  Powderly 


292 


THE  PAGEANT  OF  AMERICA 


706  From  a  photograph  taken  in  May, 
1886,  courtesy  of  Terence  V.  Powderly 


TERENCE  VINCENT  POWDERLY,  1849-1924,  OUTSTANDING 
LEADER  OF  THE  KNIGHTS 

In  1878,  when  the  Knights  of  Labor  came  out  into  the  open,  Terence  V. 
Powderly  was  made  its  head  because  Stevens  felt  himself  too  old  to  bear  the 
executive  burdens  of  the  revised  Knights.  Powderly  was  a  machinist  by 
trade  and  twice  mayor  of 
Scranton,  Pennsylvania,  on 
a  labor  ticket. 

Under  Powderly  the 
Knights  attained  their 
greatest  power.  With  se¬ 
crecy  abandoned  the  order 
grew  by  leaps,  so  that  by 
1886  it  claimed  upward  of  a 
million  members.  Jay 
Gould  was  forced  to  nego¬ 


tiate  with  Powderly  and  the  Knights,  this  being  the  first 
time  an  American  labor  organization  had  brought  a  promi¬ 
nent  capitalist  to  terms.  The  Knights,  too,  stood  for  Con¬ 
gress  and  influenced  legislation.  America  had  never  known 
such  a  powerful  labor  organization. 

The  organizer’s  commission  issued  to  Terence  V.  Powderly 
has  an  interest  in  view  of  the  part  played  by  Powderly  in  the 
affairs  of  the  Knights  of  Labor.  There  had  been  no  labor 
leader  equal  to  Powderly  up  to  his  time. 
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708  From  Harper's  Weekly,  April  10,  1886,  cartoon  by  Thomas  Nast 


707  First  Organizer’s  Commission  issued  by  the  Knights  of  Labor 
to  Terence  V.  Powderly,  courtesy  of  Terence  V.  Powderly 


TACTICS  OF  THE  KNIGHTS  OF  LABOR 
The  Knights  and  their  officers  received  more 
publicity  than  any  labor  organization  had  known 
up  to  that  time,  some  of  it  laudatory  but  much  of 
it  condemnatory.  Powderly  himself  was  a  con¬ 
servative  man  who  disbelieved  in  strikes  or  boy¬ 
cotts  and  wished  to  educate  the  masses  for  a  dis¬ 
tant  day  when  universal  cooperation  could  be 


applied.  But  many  of  his  subordinate  officers  worked  for  immediate  benefits  for  the  workers  and  seized  any 
weapon  available  —  terrorism,  boycott  or  strike,  to  gain  their  ends.  This  internal  dissension  was  played 
upon  by  the  press.  Among  the  leaders  who  consistently  opposed  Powderly  was  Martin  Irons  of  St.  Louis. 
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DECLINE  OF  THE 
KNIGHTS  OF  LABOR 
Like  many  another  organization 
the  Knights,  founded  in  idealism, 
ended  in  radicalism.  The  founders 
chose  as  their  motto:  “That  is  the 
most  perfect  government  in  which 
an  injury  to  one  is  the  concern  of 
all.”  A  quotation  from  Burke 
made  up  their  preamble:  “When 
bad  men  combine,  the  good  must 
associate,  else  they  will  fall,  one  by 
one,  an  unpitied  sacrifice  in  a  con¬ 
temptible  struggle.”  Starting  with 
such  noble  declarations,  the  Knights 
built  up  a  central  organization  hav¬ 
ing  great  power  over  the  policies  and 
program  of  the  order.  The  Knights 
of  Labor  was  bound  to  fail,  for  at 
the  base  it  was  a  polyglot  mass  of 
locals  whose  membership  in  general 
was  made  up  of  a  mixture  of 
workers  in  many  trades  and  occu¬ 
pations  and  at  the  top  there  was  an 
almost  autocratic  national  control. 

In  1886  Chicago  anarchists  threw 
a  bomb  into  a  platoon  of  police. 
Seven  anarchists  were  sentenced  to 
be  hanged  for  this  slaughter.  The 
Knights  asked  clemency  for  these 
murders,  then  withered  before  a 
fiercely  hostile  public  opinion. 
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cduemd/y.  ofa _ 22  2 - 61  A  /oca/rt/  a. f  SCRANTON,  lACKAVf/INNA - CO. — Pt/iN- - _ 

5V®to  Kno  w  that,  acting  under  authority  rested  in  us  by  the  lavs  and  Usages  of  the 

— ^^#Fnrnfl1  SSssrablg  of  |3ort|  SSrarpirB^#e— 

of  the  N.  and  £j.  ©.  of  tljr  K.  of  £.,  we  do  direct  this  lOatrant  and  <I!)nttct  to  be  issued  to  the  petitioners  named 
above,  and  their  associates  and  successors,  under  the  title  aforesaid,  to  bear  dale  the — Tumty  ntth. - day  of 

..ibvrt/t/nr - idih - 

slnd  by  virtue  of  this  'Warrant  and  ©barter  the  said  ^ssemilg  is  empowered  to  do  and  perform  such  acts 
and  enjoy  such  privileges  as  are  prescribed  in  lhe%hif\m  Xrnpfoa  and  in  the  total  and  (Hmji*  of  the  ®rto  off.  off., 
and  the  members  thereof  are  strictly  enjoined  to  bear  constantly  in  mind  and  always  practice  the  cardinal  principles  of 

Seeireey,  ©fteilentse  an®  Mnfaol  UsaMane®. 

The  general  jMjj  resents  the  right  to  suspend  or  reclaim  this  fcDarrant  and  CfyarUr,  and  to  annul  the 
rights  and  privileges  herein  conferred,  for  any  neglect  or  refusal  to  perform  the  duties  required  by  the  2li)tlpf)on 
Kruptos  or  by  the  Laws  and  Usages  of  the  Order,  as  adopted  and  promulgated  by  the  ©cncrnl  Assembly, 
or  by  any  of  Us  Officers  acting  under  legally  invested  authority. 

In  Mihirxs  this  Wimial  and  has  been  signed  by  the  $ra,,J 

I  and  fraud  J emtarg,  and  the  -Seal  of  the  Scrnral 

Ip _ ,_day  of- _ .rpciL — .JidYH - 


grand  faster  J^orkuunf 
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Charter  of  a  Local  Assembly,  courtesy  of  Terence  V.  Powderly 


FORMATION  OF  THE  AMERICAN  FEDERATION 
OF  LABOR,  1881 

The  Knights  of  Labor  rose  swiftly  into  power,  burst  into  glory  by 
successful  railroad  strikes  in  the  ’seventies  and  eighties  and  then 
vanished.  Disunity,  disastrous  strikes,  disappointing  political  ventures, 
discredited  leadership,  all  these  weakened  the  order,  but  it  was  finished 
by  a  fight  for  supremacy  with  a  vigorous  young  craft  union  later 
famous  as  the  American  Federation  of  Labor.  Powderly  himself 
became  a  member  of  the  Machinist  Union  and  later  for  years  held  a 
minor  office  in  the  American  Federation  of  Labor. 

This  trade  union  was  formed  in  part  from  disgruntled  units  of  the 
Knights  by  Adolph  Strasser  and  Samuel  Gompers,  who  had  previously 
worked  as  cigar  makers  and  had  successfully  organized  that  craft. 
Strasser  was  the  older,  wiser  head  teaching  the  younger  Gompers. 
The  lessons  they  had  learned,  by  experience  in  their  own  craft  organiza¬ 
tion  and  by  observation  of  the  faults  of  the  Knights,  they  incorporated 
into  the  Federation.  Gompers  kept  the  Federation  consistently  an  economic  organization,  opportunistic 
rather  than  visionary.  He  believed  the  strike,  if  judiciously  used,  to  be  labor’s  best  weapon.  He  zealously 
kept  the  Federation  out  of  direct  politics,  and  he  made  it  a  coordinating  body,  leaving  to  the  various  trade 
nationals  almost  complete  autonomy  in  their  own  affairs. 


710  Adolph  Strasser,  from  a  portrait  in  the  office 
of  the  American  Federation  of  Labor 
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SAMUEL  GOMPERS,  1850-1924 
Samuel  Gompers,  president  of  the  American  Federation,  since 
its  organization  in  1881,  except  for  one  year,  was  born  in  London, 
the  son  of  Jewish  parents  of  Dutch  origin.  Brought  up  on  New 
York’s  “East  Side,”  Gompers  learned  and  practiced  the  trade 
of  cigar  maker.  In  his  youth  he  was  an  avowed  Socialist,  but 
when  he  achieved  responsible  position,  he  ceased  to  be  a  follower 
of  Marx.  He  came  to  fear  the  movement  with  its  radical  pro¬ 
gram  and  its  ever  recurring  internal  dissensions.  He  saw  in 
Socialism  a  menace  that  might  easily  thwart  his  lifelong  object 
of  creating  a  stable  and  powerful  national  labor  organization. 
So  the  Socialists  in  their  many  attempts  to  bring  American 
labor  under  the  red  flag  always  found  Gompers  their  tireless, 
aggressive  and  successful  opponent.  Gompers  gave  the  American 
labor  movement  a  brain,  a  soul  and  a  clenched  fist.  He  must  be 
ranked  among  the  great  executives  of  his  time. 


STRUCTURE  OF  THE  AMERICAN  FEDERATION  OF  LABOR 
The  basis  of  the  American  Federation  of  Labor  is  the  membership  of  individuals  who  compose  the  thirty- 
two  thousand  local  unions,  each  of  which  is  separated  according  to  craft.  Each  craft  has  its  own  national 
union  organization.  It  is  this  national  organization  that  is  affiliated  with  the  American  Federation  of  Labor. 
Where  there  are  a  number  of  different  craft  local  unions  in  one  city  they  federate  for  local  purposes  into  city 
central  unions.  Likewise  for  the  state  there  is  a  state  federation.  In  towns  too  small  to  have  more  than 
seven  craftsmen  of  the  same  trade,  local  unions  may  be  formed  by 
direct  affiliation  with  the  American  Federation  of  Labor.  These  are 
called  Federal  Labor  Unions  and  have,  of  course,  mixed  membership. 

Likewise  seven  tradesmen  may  form  a  local  and  if  no  national 
exists  in  the  trade  may  be  joined  directly  to  the  American  Federation 
of  Labor. 

To  facilitate  its  work  and  further  the  cause  of  federation  the 

Executive  Council  has  con¬ 
nected  with  itself  four  de¬ 
partments.  These  are  (1) 

Building  Trades,  (2)  Metal 
Trades,  (3)  Railway  Em¬ 
ployees,  and  (4)  Union  Label 
department.  Some  of  the  de¬ 
partments  dealing  with  com¬ 
plex  industries,  such  as  the 
Building  Trades  department, 
subdivide  their  work  into  dis¬ 
tricts  so  that  there  may  be  a 
District  (or  local)  Depart¬ 
ment  Council. 


GROWTH  OF  THE  AMERICAN  FEDERATION  OF  LABOR 
The  paid-up  membership  in  the  American  Federation  of  Labor  shows  some 
fluctuation.  Business  depressions  weaken  and  business  prosperity 
strengthens  the  membership.  The  peak  of  membership  was  reached 
two  years  after  the  close  of  the  World  War,  when  over  four  million 
were  enrolled.  Following  this,  over  a  million  members  dropped  out. 
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FORMATION  OF  THE  UNITED 
MINE  WORKERS  OF  AMERICA 
In  1886  the  coal  miners  in  the  Central  Com¬ 
petitive  Field  formed  a  new  kind  of  labor 
organization  differing  from  the  labor  union  and 
the  trade  union.  This  novel  group  called  them¬ 
selves  the  United  Mine  Workers,  and  its  mem¬ 
bership  was  not  limited  to  actual  skilled 
miners  but  included  every  person  engaged  in 
any  of  the  work  of  coal  mining.  The  union 
made  little  headway  until  1897,  when  a  general 
strike  in  soft  coal  mines  was  called.  Coming 
at  the  beginning  of  a  trade  revival,  the  strike 
after  twelve  weeks  gained  for  the  workers 
twenty  per  cent  increase  in  pay,  an  eight-hour 
day,  the  abolition  of  the  company  store  and 
recognition  of  the  union  as  bargaining  agent 
for  the  men.  The  next  year  the  “check  off” 
was  obtained,  by  which  the  mine  operators 
deducted  union  dues  or  assessments  from  the 
miners’  pay  envelopes,  thus  acting  as  collectors 
for  the  union. 

This  sweeping  victory  started  the  United 
Mine  Workers  on  the  path  of  success.  The 
organization  has  since  captured  every  im¬ 
portant  soft  coal  field  save  that  of  West  Vir¬ 
ginia,  and  some  scattered  operations  in  various 
fields.  The  anthracite  operators,  being  fewer 
and  stronger,  resisted  the  United  Mine  Workers  until  1902,  when  the  operators  began  to  give  way.  The  union 
did  not  gain  complete  sway  in  this  portion  of  the  coal  industry  until  the  World  War. 

The  organization  is  now  the  largest  and  strongest 
union  in  the  United  States.  Its  first  great  leader  was 
John  Mitchell,  a  vigorous  fighter  yet  a  wise  councilor. 
He  ranked  at  the  time  of  his  death  as  one  of  the  greatest 
labor  leaders  in  America  and  perhaps  in  the  world. 
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John  Mitchell,  1870-1919.  ©  Underwood  &  Underwood 


STRENGTH  OF  THE  UNITED 
MINE  WORKERS 

Mitchell’s  successor  as  leader  of  the  United  Mine 
Workers  was  John  L.  Lewis.  Under  his  aggressive 
command  the  miners,  better  than  any  other  group  of 
workers,  kept  and  continued  the  gains  made  during 
the  World  War.  But  this  success,  gained  by  strikes 
and  threats,  aroused  the  public  and  has  led  to  public 
investigations  and  many  plans  to  bring  order  into  the 
chaotic  coal  industry.  Since  1923  no  union  has  been 
under  greater  fire  than  the  United  Mine  Workers,  and 
no  leader  subjected  to  greater  internal  and  external 
pressure  than  Lewis. 

As  coal  is  a  basic  factor  in  American  industrial  life, 
any  weakness  in  the  organization  of  the  coal  industry 
has  its  effect  on  the  entire  industrial  superstructure. 
It  may  be  that  the  time  is  not  far  distant  when  the 
people  of  the  United  States  will  undertake  to  put  an 
end  to  the  almost  chronic  wars  of  the  coal  fields. 


715 


John  L.  Lewis.  1880-.  ©  CUnedlnst 
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716  William  G.  Lee,  1859-. 

©  Harris  &  Ewing 


717  A.  B.  Garretson,  1856-. 

©  Harris  &  Ewing 


Warren  S.  Stone,  1860-1925,  from  a 
photograph  by  Bushnell 


THE  RAILROAD  BROTHERHOODS 

A  UNIQUE  group  of  unions  is  found  among  railroad  workers.  “The  Big  Four”  comprises  the  Brotherhood  of 
Locomotive  Engineers,  the  Order  of  Railway  Conductors,  the  Brotherhood  of  Firemen  and  Engmemen,  and 
the  Brotherhood  of  Railway  Trainmen.  These  were  formed  originally  as  mutual  insurance  and  benefit  societies 
to  fill  a  need  left  untouched  by  ordinary  insurance  agencies  because  of  the  unusual  risks  of  the  trades.  During 
the  ’eighties,  ’nineties  and  early  years  of  the  present  century,  the  brotherhoods  were  noted  for  their  con¬ 
servatism  and  disinclination  to  strike.  But  about  1906  a  new  attitude  was  assumed.  The  railroads,  hedged 
about  closely  by  public  authority,  could  not  easily  pass  on  to  shippers  the  cost  of  the  privileges  granted  to 
trainmen.  On  the  other  hand,  mounting  costs  of  living  burdened  the  trainmen,  who,  failing  to  gain  demands 
by  negotiation,  resorted  to  fighting  tactics.  This  caused  them  to  drop  their  old  aloofness  from  the  regular 
labor  movement.  Although  they  have  maintained  their  policy  of  “no  entangling  alliances,  they  act  in  close 
sympathy  with  the  American  Federation  of  Labor.  William  G.  Lee  was  the  president  of  the  Brotherhood 
of  Railway  Trainmen  when  it  joined  with  the  other  brotherhoods  to  force  the  Adamson  Act  from  Congress. 
A.  B.  Garretson  was  then  the  president  of  the  Order  of  Railway  Conductors.  Warren  S.  Stone,  chief  of  the 

Brotherhood  of  Locomotive  Engineers,  was  also  the  president  of  the 
bank  owned  and  operated  by  the  engineers  the  first  to  be  owned  by 
a  labor  union. 

THE  RAILWAY  SHOP  WORKERS 
Besides  the  trainmen  there  are  two  other  groups  of  railway  workers, 
namely,  the  shop  workers  and  the  miscellaneous  clerks,  telegraphers, 
switchmen,  waymen  and  shop  laborers.  The  organizations  in  these 
groups  have  never  been  allied  to  the  brotherhoods;  the  latter  refused  to 
be  weakened  by  them.  Having  no  strategic  power  of  their  own  the  groups 
have  met  with  little  success  in  wresting  privileges  from  the  railroads.  The 
shop  workers  emerged  first,  having  seven  unions  to  represent  them.  Of 
these  the  strongest  has  been  among  the  machinists.  In  1904  the  shop 
workers  banded  together  by  railway  systems  and  in  1912  the  various 
systems  were  federated.  This  organization,  competing  with  the  Railway 
Employees  department  of  the  American  Federation  of  Labor,  organized 
in  1908,  was  absorbed  by  it.  The  miscellaneous  group  had  no  unions  of 
note  until  the  World  War,  when  they  attained  considerable  power  under  government  operation  of  the  railroads. 
The  group  has  since  had  a  severe  struggle  to  maintain  its  organization.  The  cloak  of  the  American  Federation 
of  Labor  is  thrown  over  them  too,  for  they  are  included  in  the  Railway  Employees  department.  Without  this 
protection  most  of  them  would  soon  pass  away. 


719  ©  Ewing  Galloway 
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THE  AMALGAMATED  CLOTHING  WORKERS 
Prior  to  1910  the  needle  workers  were  organized  into  a  multi¬ 
plicity  of  craft  unions  which  were  largely  ineffective.  A  strike 
in  1910  in  the  Chicago  plant  of  the  Hart,  Schaffner  and  Marx 
Company  caused  that  company  to  set  up  a  new  policy  of  labor 
management  that  has  kept  the  company  free  of  strikes  ever 
since,  even  in  the  hectic  days  of  the  World  War.  In  the  strike 
and  after  it  the  spokesman  for  the  workers  was  Sidney  Hillman, 
an  educated  Russian  Jew  of  rabbinical  descent. 

Hillman  observed  that  the  needle  trade  unions  were  well-nigh 
powerless,  and  his  experience  convinced  him  that  the  proper 
form  of  organization  was  the  industrial  union.  Succeeding  in 
organizing  the  employees  of  the  Hart,  Schaffner  and  Marx 
Company,  Hillman  turned  to  other  clothing  centers. 

Before  the  World  War  he  had  accomplished  a  considerable 
degree  of  organization  for  the  Amalgamated  Clothing  Workers 
of  America  in  New  Y  ork  and  Chicago.  The  war  proved  to  be 
his  golden  opportunity;  his  organization  emerged  from  that  con¬ 
flict  in  almost  complete  control  of  the  workers  in  the  men’s  cloth¬ 
ing  trade,  not  only  in  New  York  and  Chicago  but  in  Rochester, 

Baltimore,  Philadelphia  and  Boston. 

The  Amalgamated  Clothing  Workers  as  a  union  has  never  affiliated  with  the  American  Federation  of  Labor; 
in  fact,  by  that  body  it  is  considered  a  secessionist  outlaw  organization.  Many  and  bitter  conflicts  between 
the  two  or  their  subordinate  parts  have  taken  place. 


ORGANIZATION  OF  THE  AMALGAMATED  CLOTHING  WORKERS  OF  AMERICA 
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Courtesy  ol  the  Amalgamated  Clothing  Workers  of  America 
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CHART 


SHOWING 

ORGANIZATION  OF  THE  IMPARTIAL  TRIBUNAL 

OF  THE 

amalgamated  clothing  workers  OF  AMERICA 
MENS  CLOTHING  MANUFACnlRERS  ASSOC  I  ATI  ON^, 


ARBITRATION  BOARDS 

C0N5I5TS  op  one  Union  repre- 
senfohue.one  Manufacturers' 
Association  representative 
aod  on  Impartial  chairman 

P355E55C5  firialJunWichon 

ouerall  matters  arising  under 
joint  arireernent-and  Sole  jutis- 
aiction'oirtr  matters  affecting 
entire  market. 

TRflDt 

BOBRD * 

Consists  ofeoual  numbered  Union 
and  Manufacturers" Association. 
Representatives  and  an  Impartial 
Cholrman 

PbssEsses  origi  nal  Jurisdiction 
over  all  matters  arising  under 
Joint  agreement 

JqiNTBoBRDoMJNions 

consists  of  I  presents  matters 
- '  —  = - - - f0|u 


RERKE-sEmgTi'ves  j  to  Trade  Board  nwoli 
of 

Local  Unions 


COMMlTTCE  ON  RQT&5. 


FViaon  of  Labor  ngng&tRB 

CONSISTS  of  comOlned 

representatives  of  mem- 
bers  of  Manufacturers 
Association 

PRESENTS  mailer*  to 
Trade  Board  Involving 
interests  of  all  or 
group  of  Manufacturers 

I  The  Hart.Sebaffner  AMarx  Agreement  of  March  i$u 

has  provided  the  model  for  the  present"  tribunals 

TUc  other  Tribunals  uierc  established  ih  the  following  order 

Baltirnore,  January  3.1917 
NeuiTbrK,  May  21.1919 
Montreal,  nay  17  ibis-  t  M 
ChicaQO,  General  agreement,  May  21. 1919 
Rochester,  September  a.  1919 
Toronto,  Nouember  it.  i»i9 
Boston,  January  1.1920 
Cleueland,  February  1 1920 

^  Only  Chicago  and  Baltimore  haue 

y  thus  tar  the  tribunal  consisting  of  an  Arbitration 
Board  ond  a  Trade  Board ,  it  is  boweuer  the 
plan  to  have  a  higher  and  tourer  tribunal  in 
each  center  ultimately. 


Union  Represent*™ 

Lmbor  N5SER 

Presents  difficulties 

arising  in  individual 
shops  to  Trade  Boord 

firm  difficulties  to 
Trade  Board 

I 


2»}op  CwgiRngn 

TI 


5f)0P  ^TUPtRlfireN  DFN  T 
Por?e-Mgr-« 


3  The  Impartial  Tribunal  117  Neu/ Tor*  City  a1 50 

makes  decisions  «  difficulties  ar'f'”9 
between  Contractors  and  Manufacturers 
Associations. 

4  Committee  on  Rates  has  not  developed 1'ntoa 

permanent  body  m  most  6f-*be  ctnJV* 
hot  is  appointed  by  roe  Trade  Board 
and  takes  action  urben  the  occasion 
for  its  need  arises 
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ARBITRATION  BOARDS  OF  THE  AMALGAMATED  CLOTHING  WORKERS 
Having  gained  control  of  the  workers  in  the  men’s  clothing  trade  partly  by  the  old  rule  of  force,  Hillman  sought 
to  consolidate  it  by  a  new  policy  of  peaceful  negotiation.  The  employers  of  each  trade  center  were  organized 
and  then  united  on  a  national  scale.  With  these  bodies  Hillman  set  up  joint  tribunals  and  impartial  boards  of 
appeal  to  deal  peacefully  with  all  labor  matters.  The  idea  was  an  enlargement  of  the  scheme  of  the  Hart, 
Schaffner  and  Marx  Company,  that  had  since  1910  so  admirably  stood  the  test  of  experience.  Although  some  of 

the  employers  in  New 
York  City  have  aban¬ 
doned  the  plan  and 
some  employers  in 
other  cities  have  never 
had  a  part  in  it,  most 
of  the  men’s  clothing 
industry  is  now  oper¬ 
ating  under  it.  A 
Trade  Board  examin¬ 
ing  a  witness  is  shown 
in  session  (No.  723). 

Representatives  of 
both  the  firm  and  of 
the  union  are  present. 

The  plan  has  been  ex¬ 
tended  to  many  indus¬ 
tries,  but  most  of  them 
do  not  adopt  the  judi¬ 
cial  features  and  use 
of  precedent  in  decid¬ 
ing  cases  that  mark 
the  clothing  industry. 
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THE  RAILROAD 
STRIKE  OF  1877 
Organized  labor’s  prin¬ 
cipal  weapon  is  the  strike. 

The  causes  of  strikes  are 
disputes  over  wages,  hours, 
working  conditions,  union 
recognition  in  collective 
bargaining,  union  rules  or 
regulations  and  union  juris¬ 
diction.  The  apparent  fail¬ 
ure  of  about  half  the  strikes 
does  not  lessen  their  value 
in  unionist  opinion.  If  a 
strike  produces  any  favor¬ 
able  action  on  a  vital  issue 
the  unions  consider  the 

strike  a  success  regardless  of  how  many  of  their  published  grievances  remain  unsettled.  Many  strikes,  too, 
are  considered  as  battles  in  a  long  campaign.  If  the  latter  is  won,  occasional  battles  are  well  lost.  Strikes  also 
are  means  of  advertising,  strengthening  or  hardening  union  forces.  The  unions  know  that  no  other  means  has 
brought  them  so  many  or  such  valuable  results  as  the  strike,  so  they  resist  any  and  all  efforts  to  curtail  it,  and 
oppose  all  substitutes.  The  first  great  strikes  were  connected  with  the  railroads  in  the  ’seventies  and  again 
in  the  eighties.  Baltimore,  Altoona,  Cincinnati  and  other  terminal  or  junction  points  were  scenes  of  serious 
riot  and  violence.  Perhaps  the  worst  strike  outbreaks  were  in  Pittsburgh  in  1877,  where  the  strikers  held  the 
militia  in  siege  and  destroyed  hundreds  of  thousands  of  dollars  of  railway  property.  These  railway  strikes 
were  the  occasion  for  the  first  use  in  the  United  States  of  troops  to  put  down  worker  disturbances  and  led  to 
the  system  of  armories  throughout  the  country.  The  strikes  caused  a  revival  of  trials  for  conspiracy  and 
opened  the  way  for  other  judicial  weapons  against  organized  labor.  On  the  side  of  labor  the  strikes  adver¬ 
tised  the  wrongs  under  which  labor  suffered,  and 
jolted  American  complacency.  All  workers  were 
made  to  realize,  too,  that  they  had  common  prob¬ 
lems  calling  for  joint  effort  to  redress. 


YZ4 


strikers  Rioting  at  Pittsburgh, *1877,  from  Harper's  Weekly ,  Aug.  11,  1877,  after  a  sketch 

by  J.  W.  Alexander 


725  Surrender  of  the  Pinkertons  at  Homestead,  from  Harper's  Weekly , 
July  16,  1892,  after  a  photograph  by  Dabbs 


THE  HOMESTEAD  STRIKE,  1892 
The  first  great  industrial  strike  was  the  Home¬ 
stead  strike  of  1892.  H.  C.  Frick  had,  shortly 
before,  entered  the  Carnegie  group  and  played  an 
active  part  in  the  proceedings.  A  revision  of  the 
wage  scale  resulting  in  a  general  raise  of  pay  for 
most  of  the  workers  was  opposed  by  a  certain 
group  of  “tonnage  bosses”  who  suffered.  These 
men  induced  the  mass  of  the  workers  to  rally  to 
their  support  and  the  strike  was  on.  During  the 
strike  the  company  employed  Pinkerton  detectives 
as  armed  guards  and  there  was  one  pitched  battle 
between  these  guards  and  the  strikers.  There  was 
an  attempt  also  to  assassinate  Frick.  Eventually 
soldiers  were  called  in  to  keep  order. 

Organized  capital  beat  organized  labor,  and  the 
steel  industry  saw  no  other  great  effort  on  the  part 
of  organized  workers  for  a  quarter  of  a  century, 
when  another  great  strike  was  lost  to  the  workers, 
but  so  aroused  public  opinion  that  the  steel  in¬ 
dustry  was  compelled  to  reduce  its  hours  of  work. 
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THE  PULLMAN  STRIKE, 
1894 

The  Pullman  strike  of  1894  grew 
out  of  a  demand  by  the  Pullman 
employees  for  a  restoration  of 
wages  paid  before  the  panic  of 
1893.  These  employees  had 
joined  the  American  Railway 
Union,  of  which  Eugene  Debs  was 
the  head,  and  the  union  had  just 
emerged  successfully  from  a  con¬ 
test  with  the  Great  Northern 
Railway.  This  union  took  the 
strike  out  of  the  hands  of  the 
Pullman  employees  and  declared 
a  sympathetic  strike  against  all 
roads  entering  Chicago  that 
handled  Pullman  cars. 

This  strike  has  its  place  in 
history  because  it  was  the  first 
attempt  in  America  to  use  the 
revolutionary  strike  methods  of 
Europe  —  and  it  failed.  It  was 
also  the  first  important  use  of  the 
injunction  by  employers  to  stop 
or  hinder  a  strike.  Debs  was 
jailed  for  violating  this  injunction. 


United  States  Regulars  Guarding  the  Meat  TrainsM  Juiy  28.  1894.  drawing  by  G.  W.  Peters. 


727 


From  Harpefs  Weekly,  July  14,  1894,  cartoon  by  W.  A.  Rogers 
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728  Troops  Defending  the  Lawrence  (Mass.)  Mills.  ©  Brown  Brothers 

THE  LAWRENCE  TEXTILE  STRIKE,  1912 

Violence  is  a  familiar  accompaniment  of  strikes,  for  whenever  the  workers  quit  they  are  usually  determined 
that  others  shall  not  take  their  places  in  the  shop.  So  collisions  occur.  A  great  strike  is  so  apt  to  pass  beyond 
police  control  that  militia  troops  are  commonly  called  out  to  restore  and  maintain  order.  It  appears  that 
violence  in  strikes  is  not  decreasing.  If  unions  cover  more  industries  and  wider  territories  and  if  more  unskilled 
men  are  included  in  the  unions,  it  seems  that  the  strikes  of  the  future  will  not  only  be  more  general  in  scope 
but  may  be  more  rather  than  less  violent.  The  Lawrence  strike  of  1912  was  notorious  for  the  violence  of 
both  sides. 


729  ©  Keystone  View  Company 

PICKETING 


One  of  the  features  of  strikes  is  picketing;  that  is,  the  prevention  by  the  strikers  of  workers  substituting  in 
the  strikers’  jobs.  Such  substitutes  are  labeled  “scabs,”  “blacklegs”  and  other  epithets. 

Picketing  may  be  peaceful,  that  is,  word  of  mouth  persuasion,  but  it  lends  itself  readily  to  violence  and  other 
forms  of  intimidation,  and  it  has  therefore  come  under  legal  condemnation. 
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THE  BOYCOTT 

Unlike  the  strike,  the  boycott  in  the  hands  of 
labor  is  less  often  a  useful  weapon  in  modern 
times  than  formerly.  Practically  the  unions 
find  it  increasingly  difficult  to  organize  and  carr\ 
out  an  effective  boycott.  What  could  be  done 
in  a  village  against  a  butcher  is  almost  im¬ 
possible  to  do  in  a  nation  against  a  packer’s 
corporation.  The  public,  too,  cannot  justify  a 
boycott,  especially  one  that  is  indirect,  as  easilv 
as  it  can  a  strike.  Without  public  support  labor 
cannot  wield  its  weapons  effectively.  The  law 
is  severe  in  condemnation  of  labor  boycotts. 


THE  WAR  LABOR  BOARD 

Workers  have  organized  generally  in  the  past 
for  purposes  of  aggression  but  there  is  evident 
a  new  spirit  among  some  employers  and  em¬ 
ployees.  Organization  is  accepted  as  necessary, 
but  the  purpose  is  to  be  diverted  from  war  to 
peace.  The  attempt  is  to  make  adjustments  by 
negotiation  rather  than  strife. 

One  of  the  famous  boards  created  for  such  a 
purpose  was  the  War  Labor  Board  set  up  during 
the  World  War.  This  board  was  made  up  of 
representatives  of  the  employers  and  an  equal 
number  of  representatives  of  labor  organizations. 
It  had  two  chairmen,  Frank  P.  Walsh,  acting 
730  From  Harper’s  Weell^Mw  8.  1886.  cartoon  by  Thomas  Nast  for  the  Workers,  and  William  H.  Taft,  presiding 

in  the  name  of  the  employers.  This  board  drew  up  a  declaration  of  principles  that  read  like  a  new  i  o 
Rights  and  then  proceeded  to  settle  labor  controversies  during  the  war  by  negotiation  rather  than  by  strikes 
(^lockouts.  It  succeeded  lar  better  than  either  employers  or  employees  had  dared  to  hope  It  went  out  of  ex- 
istencewith  the  end  of  the  war.  Its  favorable  record  encouraged  efforts  to  set  up  peace-tune  machmery  for 
settling  labor  disputes  without  strikes. 


THE  ROOT  OF  THE  MATTER. 


Botcottxs.  "You  mutt  .lop  work,  because  /  have  a  griev*oce  *our  wnployw, 

iffera  meanwhile.  I  mutt  thou:  my  "  ‘ 


mailer  whether  you  have  any,  or  whether  your  family 


•  ■ 


nontrni  "Nrpwa  Phnio  Service 
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©  Harris  &  Ewing 


THE  RAILROAD  LABOR  BOARD 

The  Transportation  Act  of  1920,  passed  when  the  railroads  were  returned  to  private  ownership  after  the 
World  W  ar,  contained  among  other  things  a  provision  for  creating  a  Railroad  Labor  Board  that  would  consti¬ 
tute  a  court  of  final  appeal  and  adjustment  in  railroad  labor  disputes.  It  is  a  tripartite  board  having  three 
members,  one  each  for  employers,  employees  and  the  public,  and  serving  for  five  years. 

W  ithin  three  years  of  its  origin  the  board  had  dealt  with  cases  involving  a  billion  dollars  in  wages.  Its 
decisions  have  angered  the  railway  men  and  gained  the  hostility  of  some  of  the  railway  managers.  The  judges 
of  the  regular  courts,  too,  have  had  to  caution  the  board  not  to  exceed  its  authority.  Although  beset  on  all 
sides,  the  board  has  continued  and  has  received  the  support  of  the  government  under  Presidents  Wilson, 
Harding  and  Coolidge.  It  is  still  (1926)  on  trial,  and  its  future  depends  largely  upon  its  own  prudence. 

THE  KANSAS  INDUSTRIAL  COURT 

The  Court  of  Industrial  Relations  —  more  commonly  known  as  the  Kansas  Industrial  Court  —  was  created 
by  a  special  session  of  the  Kansas  legislature  in  January,  1920.  Its  immediate  cause  was  the  soft  coal  strike 
of  that  year  but  the  idea  for  such  a  court  had  been  formulating  in  the  minds  of  certain  Kansans  for  some  time. 

The  law  creating  the  court  widened  the  usual  definition  of  public  utilities  and  then  brought  all  public  utilities 
under  the  act.  It  prohibited  strikes  and  lockouts  but  gave  every  employer  and  employee  a  chance  to  have  his 
grievances  aired  and  adjusted. 

The  court  was  composed  of  three  judges  and  had  all  the  powers  of  an  ordinary  court.  Its  awards  were  final 
except  for  appeal  to  the  Kansas  Supreme  Court  and  penalties  have  been  imposed  for  violations  of  its  decrees. 

The  organized  unions  were  opposed  to  the  court  because  it  destroyed  their  best  weapon,  the  strike,  and 
seemed  to  make  unions  useless.  Employers  at  first  favored  the  court  until  some  of  its  decrees  hit  them  un¬ 
favorably.  With  this  united  opposition  of  employers  and  employees  the  court  has  had  difficulty  in  functioning. 
It  was  shorn  of  most  of  its  prestige,  too,  by  the  decision  of  the  United  States  Supreme  Court  in  the  Wolff 
Packing  Case,  that  the  definition  of  a  public  utility  cannot  be  extended  in  the  manner  laid  down  by  the  act  that 
created  the  Court  of  Industrial  Relations.  Despite  this  decision  the  Kansas  Court  is  looked  upon  as  an  im¬ 
portant  contribution  in  labor  relations  and  may  be  the  beginning  of  a  new  method  of  settling  industrial  disputes. 
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of  the  Total  Membership  in  each  unit  oi  organized  j^auur,  i  »m 
of  American  Trade  Unions,  the  National  Bureau  of  Economic  Research, 


THE  STRENGTH  OF  ORGANIZED  LABOR 


It  may  be  asked  fairly,  “What  has  the  labor  movement  accomplished,”  or  “Has  the  labor  movement  suc¬ 
ceeded?”  To  make  satisfactory  reply  to  these  queries  requires  a  measurement  of  the  deeds  of  the  labor  move¬ 
ment  against  its  aims.  How  nearly  has  it  approached  its  goals?  From  the  beginning  it  has  been  one  of  the 
objects  of  labor  leaders  to  include  in  the  movement  all  the  wage  earners  of  the  United  States.  Union  member¬ 
ship  figures  indicate  two  peaks,*  one  in  1887,  when  a  total  of  about  a  million  persons  were  enrolled  of  whom 
about  three  fourths  were  in  the  Knights  of  Labor;  the  other  in  1920,  when  the  five  million  mark  was  reached, 
four  fifths  of  whom  were  in  the  American  Federation  of  Labor.  At  that  time  about  one  fifth  of  all  the  wage 
earners  were  in  unions.  Unionism  found  its  earliest  strength  among  the  highly  skilled  or  among  workers  whose 
positions  were  so  unique  that  they  could  exert  unusual  pressure  upon  employers.  Thus  unions  were  at  their 
best  among  the  railway  trainmen,  the  building  craftsmen,  coal  miners,  glassworkers  and  stonecutters.  Since 
1915  the  union  organization  has  spread  rapidly  among  the  semiskilled  and  even  among  the  unskilled.  Among 
women  workers,  too,  who  before  1910  were  relatively  insignificant  in  union  ranks,  organization  has  progressed 
at  a  rapid  rate.  Among  the  chief  divisions  of  all  wage  earners,  organization  has  made  the  least  impression  in 
domestic  and  personal  service,  where  but  three  per  cent  of  the  total  number  are  enrolled  in  unions.  At  the 
other  extreme  it  is  found  that  thirty-seven  per  cent  of  all  persons  employed  as  wage  earners  in  connection  with 


transportation  are  in  unions  and  forty-one 
per  cent  of  all  the  wage  earners  engaged  in 
the  extraction  of  minerals.  In  any  one  chief 
division  of  wage  earners  such  as  the  group 
engaged  in  manufacturing  and  mechanical 
pursuits,  variations  within  the  group  are 
enormous,  whereas  the  division  as  a  whole 
shows  twenty-three  per  cent  organized. 
Thus  in  this  group  the  workers  in  chemical 
plants  are  only  one  per  cent  organized  while 
workers  in  clothing  are  fifty-seven  per  cent 
organized.  However,  it  is  evident  that  the 
unions  have  gone  a  long  way  toward  the 
first  aim  of  including  all  wage  earners  in 
worker  organizations. 

*  Data  from  Leo  Wolman,  The  Growth  of 
American  Trade  Unions,  the  National  Bureau  of 
Economic  Research,  1924. 
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Not  only  to  include  all  wage  earners  in  unions  but  to  hold  the  gains  of  prosperity  in  times  of  depression  has 
been  the  aim  of  labor  leaders.  Before  the  American  Federation  of  Labor  was  formed,  union  membership 
and  success  in  bargaining  varied  directly  with  business  conditions;  triumphant  with  good  times,  debased  in 
bad.  Partly  by  a  policy  of  high  dues  with  consequent  high  benefits,  the  Federation  has  been  able  to  modify 
previous  experience.  The  depression  of  1893  was  weathered,  the  panic  of  1897  was  not  only  passed  through 
without  ultra-serious  loss  of  membership  and  prestige,  but  some  unions  were  able  to  prevent  undue  wage¬ 
slashing  or  wholesale  discharges.  The  aftermath  of  war,  felt  in  business  in  1921,  saw  the  unions  militant, 
defying  a  loss  of  war-won  wage  rates.  One  of  the  largest  unions,  the  United  Mine  Workers,  succeeded  in 
keeping  the  wTar  wage  intact,  while  many  unions  prevented  serious  cuts.  As  with  wages,  so  with  other  union 
privileges  such  as  regulation  of  hours,  or  collective  bargaining.  The  organizations  are  now  powerful  enough 
to  prevent  employers,  in  periods  of  business  slough,  from  cutting  away  deeply  the  advances  made  by  unions 
when  business  is  climbing  the  peaks.  To  the  degree  that  unions  have  done  this  and  from  their  point  of 
-view,  they  must  be  credited  with  success. 


[ 


PER  CENT  OF  WAGE  EARNERS  EMPLOYED  IN  ESTABLISHMENTS  OPERATING 
l4BHDUR8««  UNDER  f— 48  TD54  HDUR3  ■■■  DVER  54  HOURS 


,ALL  INDUSTRIES,.  U.S. 


1909 

IS  I  4 

1919. 

1921 


737 


Prevailing  Hours  of  Work  In  Manufacturing  Industries.  1909-21,  from  Wages  and  Hours  In  American  Industry, 
National  Industrial  Conference  Board,  1925,  from  data  In  the  United  States  Census  of  Manufactures,  1921 
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IMPROVEMENT  IN  WORKING  CONDITIONS 
A  third  way  of  gauging  the  success  of  unionism  is  by 
ascertaining  how  much  they  have  improved  working  con¬ 
ditions.  A  great  deal  has  been  done  by  direct  union  pressure 
upon  employers  but  the  greatest  achievements  in  raising 
working  standards  have  come  through  legislation.  To  be 
sure  the  unions  alone  and  unaided  have  not  been  responsible 
for  all  the  laws  that  have  aided  labor,  for  many  other  groups 
have  been  sponsors  equally  of  these  efforts,  but  the  unions 
have  been  the  most  in¬ 
sistent  and  persistent  ad¬ 
vocates  of  measures  that 
would  ameliorate  the  con¬ 
dition  of  workers.' 

The  legislation  that  has 
been  secured  is  too  diverse 
and  too  great  in  aggregate 
to  be  listed,  but  suggestions 
of  the  whole  may  be  ob¬ 
tained  by  mentioning  the 
laws  limiting  the  hours 
of  work,  setting  minimum 
wages,  compelling  safeguards  against  injury  or  disease,  establishing  an  em¬ 
ployers’  liability  and  organizing  workmen’s  compensation  in  cases  of  acci¬ 
dent,  sickness  or  death.  Other  insecurities  and  risks  that  indirectly  affect 
working  conditions  and  have  been  the  subject  of  industrial  legislation  are 
unemployment,  old  age,  the  priority  of  wage  claims  in  cases  of  bankruptcy, 
and  the  restriction  of  child  immigration  and  prison  labor. 

LABOR  IN  THE  COUNCILS  OF  THE  NATION 


739  Asbestos  Clothing  for  Hazardous 
W ork,  from  an  exhibit  in  the  American 
Museum  of  Safety,  New  York 


738  A  Machine  Guarded  to  Prevent  Accident,  courtesy 
of  the  American  Museum  of  Safety,  New  York 


By  some  union  men,  and  directly  by  some  unions,  it  is  asserted  that  the  aim  for  labor  is  to  control  industry. 
The  degree  of  control  desired  varies  from  having  a  voice  in  those  matters,  such  as  wages  and  hours,  that  are  of 
special  interest  to  labor,  to  entire  administration  of  an  industry;  a  goal  that  is  announced  in  the  constitution  of 
the  Amalgamated  Clothing  Workers. 

In  line  with  these  objectives  the  Brotherhoods  and  Amalgamated  Clothing  Workers  have  set  up  a  score  of 
labor  banks  to  use  the  tools  of  capitalism  to  further  the  cause  of  labor.  The  establishment  of  the  closed  shop 
is  in  many  instances  a  step  in  the  direc¬ 
tion  of  greater  control  of  industry  by 
labor.  The  Plumb  Plan  of  the  railway 
trainmen,  and  the  nationalization  ambi¬ 
tions  of  the  United  Mine  Workers  were 
balloons  sent  up  to  gauge  the  drift  of 
labor  feeling  and  public  opinion  about 
giving  labor  a  more  important  share  in 
industry.  A  labor  representative  in  the 
President’s  cabinet,  the  Secretary  of 
Labor,  and  labor  members  on  boards  and 
commissions  such  as  the  Railway  Labor 
Board,  are  evidences  of  labor  power  and 
measurably  increase  labor’s  control  of 
industry.  Although  labor  is  a  long  way 
from  complete  administration  of  industry 
in  labor’s  interest,  it  is  much  nearer  this 
goal  since  unions  have  become  strong. 


740  President  Coolidge  and  Cabinet.  1924.  ©  Underwood  &  Underwood 
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The  dictum  that  “all  men  are  born  equal”  is  merely  the  expression  of  an  ideal;  it  is  a  test  and  guide  of 
action;  in  the  modern  vernacular,  it  is  the  “square  deal.”  But  from  Aristotle  down,  it  has  been  recognized 
that  men’s  capacities  differ,  and  since  society  requires  a  great  many  different  kinds  of  work,  it  is  as  well 
that  this  is  so.  Not  every  individual  is  so  fortunate  as  to  find  the  right  task  at  precisely  the  right  time,  but 
in  spite  of  tragic  misfits,  modern  society  offers  something  approaching  equality  of  opportunity,  both  to  the 
stalwart  moron  and  to  the  invalid. 


THE  UNSKILLED  LABORER 

Fob  countless  centuries  man  controlled  no  force  of  nature  save  fire  and  that  found  m  his  own  body.  Only 
recently,  since  science  has  begun  to  understand  the  unwritten  records  of  the  years  before  history  began,  have 
modern  men  become  conscious  of  the  vast  space  of  time  through  which  the  men  of  the  Old  Stone  Age  struggled 
to  wrest  a  meager  living  from  nature,  literally  by  their  own  hands.  Yet  they  lived,  had  they  but  known  it, 
in  a  world  charged  with  energy,  born  of  natural  forces  which  could  be  tamed  and  made  to  serve  their  ends. 
Nor,  even  to-day,  have  all  men  advanced  much  beyond  the  culture  of  those  ancient  peoples,  whose  tools  were 
of  roughly  chipped  flint  and  unpolished  stone.  The  scientist  in  his  systematic  exploration  of  the  earth  has 
made  known  many  peoples  who  have  advanced  but  little  beyond  the  Stone  Age  culture.  Industrialism,  in 
fact,  is  not  universal;  it  is  limited  to  restricted  areas.  The  picture  of  humankind  dragging  a  crude  plow 
through  a  tough  sod  symbolizes  the  part  which  human  muscles  have  played  in  life  on  the  earth,  from  the 
advent  of  the  race  on  this  planet  even  to  the  present  time.  Noble  civilizations,  the  Egyptians  of  the  Nile 
valley  the  Chaldeans  of  the  Tigris  and  Euphrates  country,  the  Mayas  of  Guatemala  and  Aucatan,  have 
been  reared  upon  the  bent  backs  of  human  beasts  of  burden.  After  all,  human  muscles  are  among  the  most 
effective  forces  of  nature  at  man’s  disposal.  The  triumphs  of  industrialism  have  not  destroyed  their  usefulness. 
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±rom  tne  painting  1  He  Nail  Makers ,  by  Oscar  Bjork  (I860-)  in  the  Corcoran  Gallery  of  Art,  Washington 

©  Detroit  Publishing  Co. 


THE  ARTISAN 


To  his  native  equipment  of  brawn  the  artisan  added  knowledge.  Mental  energy  supplemented  physical 
energy  and  directed  it.  The  picture  of  the  nail  makers  about  their  rough  stone  forge  and  busy  with  their 
crude  anvils  carries  the  imagination  back  to  colonial  America  and  to  the  early  years  of  the  republic  when  the 
artisan  was  the  chief  manufacturer.  This  was  but  yesterday  in  the  history  of  the  race,  yet  how  different  the 
life  of  that  time.  America  was  then  a  country  of  farms  and  little  villages  at  the  crossroads.  On  the  seacoast 
small  commercial  cities  were  rising.  Men  worked  bravely  in  their  shops  shaping  with  their  own  hands  wood 
and  metals  into  the  articles  needed  by  the  folk  of  the  community.  Since  men  first  had  begun  to  make  tools 
there  had  been  artisans.  These  nail  makers  represented  the  last  stage  of  a  long  development.  They  were 
soon  to  disappear  with  the  on-coming  of  the  age  of  machinery.  Their  art  had  done  much  for  the  amelioration 
of  human  life.  The  artisan  had  lifted  society  high  above  the  plane  of  the  savage.  In  his  day  the  handworker 
stood  at  the  forefront  of  man’s  struggle  with  nature.  Material  progress  paced  evenly  with  him.  When  he 
passed  as  a  dominant  figure,  he  left  a  long  record  of  useful  achievement  and  a  place  forever  secure  in  the 
history  of  men. 


'***  *  rani  me  senes  ol  mural  paintings  Labor,  by  John  W.  Alexander  (1856-191E 
In  the  Carnegie  Institute.  Pittsburgh.  ©  Detroit  Publishing  Co. 
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745  From  the  series  of  mural  paintings  Labor,  by  John  W.  Alexander  in  the  Carnegie  Institute,  Pittsburgh. 

©  Detroit  Publishing  Co. 


THE  AGE  OF  THE  MACHINE 

Beginning  with  the  Industrial  Revolution,  the  crowning  material  achievement  of  Western  civilization  has 
been  the  discovery  and  the  harnessing  of  the  forces  of  nature.  Scarcely  more  than  a  century  and  a  half  has 
elapsed  since  the  first  textile  machines  began  to  alter  the  industrial  life  of  England.  With  incredible  swiftness 
man  has  brought  under  his  control  power  beyond  the  wildest  dreams  of  former  generations.  Eighteenth- 
century  men  thrilled  with  awe  when  Franklin  drew  electricity  from  the  storm  cloud;  to  the  people  of  the 
twentieth  century  the  tapping  of  the  energy  of  the  universe  has  become  a  commonplace.  They  walk  with 
little  interest  through  the  factory  where  hurrying  belts  drive  intricate  machines.  They  look  up  without  won¬ 
der  at  the  great  gaunt  blast  furnace  belching  fire.  The  factory  and  the  furnace  are  a  part  of  everyday  life. 
Men  and  women  work  in  such  places  for  wages,  hurrying  in  when  the  morning  whistle  blows.  Industry  is 
noisy  and  dirty;  it  is  full  of  humdrum  tasks.  Only  rarely  does  a  man  catch  the  vision  of  its  epic  quality. 
Such  a  man  may  record  his  emotion  in  a  picture,  a  book,  or  a  mighty  industrial  achievement. 
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746  From  the  mural  painting  Industry,  by  Albert  Herter  (1871-)  in  the  National  Park  Bank,  New  York 


INDUSTRIAL  AMERICA 

For  America,  as  for  every  other  nation  where  the  machine  has  become  a  part  of  the  life  of  the  people,  indus¬ 
trialism  has  meant  a  break  with  the  past  and  the  advent  of  a  new  civilization.  The  break  is  not  complete. 
The  ideas  and  the  ideals  of  the  earlier  day  pass  over  into  the  new  era.  So  in  the  United  States  the  individual¬ 
ism  and  the  democracy  that  so  sharply  characterized  the  life  of  early  nineteenth-century  America  were  carried 
into  the  turbulent  days  that  have  followed  the  Civil  War.  But  both  have  been  modified  sometimes  almost 
beyond  recognition.  America  has  become  a  nation  of  gigantic  cities.  A  majority  of  its  people  now  live  in  an 
artificial,  man-made,  urban  environment.  They  are  lifted  far  above  the  primitive  struggle  for  existence; 
they  strive  for  a  standard  of  living.  With  all  the  struggle  life  is  easier  than  in  the  ruder  days;  the  wealth 
which  has  flowed  from  industrial  development  has  made  it  so.  But  industrialism  has  done  more  than  harness 
the  forces  of  nature;  it  has  helped  to  release  the  energy  latent  within  man  himself.  It  has  made  possible  the 
swift  intellectual  advance  of  the  modern  universities.  It  has  freed  the  investigator  from  the  pressing  need  to 
struggle  for  a  livelihood  and  enabled  him  to  probe  farther  and  farther  into  the  secrets  of  nature  that  knowl¬ 
edge  may  be  augmented  and  the  lot  of  humankind  bettered.  And  withal  it  has  inculcated  the  gospel  of  Work. 
In  the  United  States  the  hurrying  workman  and  hurrying  executive  seem  to  move  in  tune  with  the  swift 
rhythm  of  countless  machines.  How  different  is  modern  America  from  the  leisurely  stagecoach  days  of 
Washington  and  Jefferson!  In  looking  back  at  that  not  distant  time  one  remembers  that  progress  from  that 
day  to  this  has  been  marked  by  constant  acceleration.  The  man  of  to-day  considers  with  awe,  not  unmixed 
with  fear,  the  possibilities  of  to-morrow. 


747  From  the  series  of  mural  paintings  Labor,  by  John  W.  Alexander  in  the  Carnegie  Institute  Pittsburgh 
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From  the  mural  painting  Modern  Engineering ,  1919,  by  Fred  Dana  Marsh  (1872-)  in  the  Engineers’  Club,  New  York 
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750  From  the  mural  painting  Modern  Engineering,  1919,  by  Fred  Dana  Marsh 
in  the  Engineers’  Cluh,  New  York 


can  sculpture,  iNew  iv&o 


om  the  series  of  mural  paintings  Labor,  by John^  Aiexanaer  m  tne  — 


iy  From  the  bronze  figure  The  Stevedore,  by  Ma- 
honri  M.  Young  (187 7-)  in  the  exhibition  ol  Amerl- 
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752  From  the  series  of  mural  paintings  Labor,  by  John  W.  Alexander  in  the  Carnegie  Institute,  Pittsburgh.  ©  Detroit  Publishing  Co. 


753  From  the  painting  The  Marble  Worker,  by  Olyn  W.  Philpot  (1889-)  in  the 
Hackley  Gallery  of  Fine  Art,  Muskegon,  Mich.  ©  Detroit  Publishing  Co. 


754  From  the  painting  The  Glass  Blowers,  by  Walter  Shirlaw 
(1838-1909)  in  the  Hackley  Gallery  of  Fine  Art.  ©  Detroit 
Publishing  Co. 
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756  From  the  series  ol  mural  paintings  Labor,  by  John  W.  Alexander  In  the  Carnegie  Institute.  Pittsburgh. 

©  Detroit  Publishing  Co. 
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NOTES  ON  THE  PICTURES 


2.  Alden  home,  built  in  1653,  since  inhabited  by 
nine  generations  of  Aldens.  John  and  Priscilla 
Alden  lived  here  for  several  years  with  their 
eldest  son. 

3.  Tools  are  dated  about  1770  and  belonged  to 
Captain  Caleb  Clapp. 

5.  House  built  by  Rev.  John  Hancock  in  1698, 
enlarged  in  1734.  It  now  houses  the  collection 
of  the  Lexington  Historical  Society.  The 
Society  restored  the  house  as  far  as  possible 
to  its  original  condition. 

9.  Basin  (at  right)  is  of  Sheffield  plate  made  in 
Salem,  about  1790.  The  coffee  pot  of  Britannia 
ware  was  made  in  New  England  about  1840. 
The  large  plate  behind  it  was  made  in  London, 
1740-50.  Pitcher  is  early  nineteenth  century. 

10.  The  two  spoons  at  the  right  were  cast  in  a 
wooden  mold  in  1796. 

12.  Drawn  for  the  publication  issued  by  the 
United  States  Patent  Office,  1892,  Benjamin 
Butterworth  Commissioner,  to  illustrate  the  pro¬ 
gressive  development  of  mechanical  invention. 

13.  A  porthole  at  the  top  is  for  the  removal  of  the 
butter. 

14.  The  flintlock  tinder  box  (No.  5)  is  of  the  style 
of  1790. 

15.  The  candle  reflector  (No.  1)  dates  from  about 
1835. 

19.  See  12. 

22.  By  engraver  of  remarkable  versatility  and 
prolific  production,  sometimes  called  the 
“Father  of  American  engraving.” 

32.  Oliver  Evans,  an  early  American  engineer  and 
inventor.  His  book  on  the  construction  of 
water-power  machinery  was  for  many  years  a 
standard  guide  for  engineers.  It  contains 
earliest  illustrations  of  American  water-mill 
machinery.  Its  engravings  were  made  by 
James  Poupard,  born  at  Martinique,  known 
to  have  lived  in  Philadelphia  from  1793  to 
1807,  and  who  was  in  New  York  City  as  late 
as  1814.  See  Nos.  115-119. 

34.  Reconstruction  under  the  direction  of  George 
Francis  Dow. 

35.  Plan  of  Main  Street,  Middletown,  as  it  was 
between  1770  and  1775;  made  in  1836  by 
Joseph  Barratt,  M.D.,  of  Middletown. 

40.  Originals  were  used  by  Deacon  Hitchcock,  of 
Deerfield,  in  1765. 

42.  Edward  Hazen  also  wrote  A  Practical  Grammar 
of  the  English  Language,  1844,  and  The  Speller 
and  Definer,  1845. 

43,  45.  See  12. 


47,  49,  50,  51,  53.  See  42. 

54.  Sketch  is  an  insert  on  the  map,  No.  581,  in 
Volume  I. 

58.  Milbert  s  drawings  of  American  scenes  were 
from  nature,  and  are  reliable. 

59.  Indenture  is  dated  1715,  and  bears  impress  of 
a  seal  and  three  six-penny  stamps. 

60.  Charles  Green  Bush,  born  at  Boston  in  1842, 
studied  drawing  and  painting  in  Boston  under 
William  Remmer.  Went  to  New  York  in  the 
late  ’sixties  where  he  worked  for  Harper's 
Weekly.  Later  became  a  famous  cartoonist. 

61.  See  22. 

62.  One  of  twelve  plates  designed  and  engraved 
by  Hogarth  to  depict  the  careers  of  two  ap¬ 
prentices.  Plates  were  first  issued  September 
30,  1747.  The  series  does  not  appear  to  have 
been  painted  and  no  originals  are  recorded. 
In  the  Print  Room  of  the  British  Museum  are  a 
set  of  designs  and  preliminary  sketches  made 
by  Hogarth.  Thomas  Cook  was  an  engraver 
who  became  famous  by  re-engraving  the 
entire  set  of  Hogarth  engravings;  these  were 
issued  in  1806. 

65.  Joseph  Wright,  British  portrait  painter, 
studied  under  Thomas  Hudson,  the  master  of 
Reynolds. 

68.  This  machine  was  used  by  Crompton  in  his 
small  mill  on  King  Street,  Bolton. 

72.  According  to  the  present  head  of  the  Wetherill 
family,  the  original  Wetherill  was  a  Quaker 
and  objected  to  having  any  picture  taken  of 
him.  The  silhouette  was  taken  surreptitiously, 
without  his  knowledge. 

73.  This  record,  written  in  the  hand  of  the  original 
Wetherill,  is  now  in  possession  of  a  descendant. 

74.  According  to  Stauffer,  “The  plate  was  evi¬ 
dently  made  in  connection  with  the  work  of 
the  Society  for  Promoting  American  Manu¬ 
factures  organized  in  Philadelphia  in  1775. 
No  other  engraved  work  by  Tully  is  known  to 
the  enquirer.” 

75.  The  copper  plate  which  was  used  by  the 
original  Wetherill  for  the  printing  of  labels  was 
lost.  A  proof  from  the  plate  still  exists  and  it 
was  from  this  that  the  copy  used  was  made. 

78.  One  of  a  series  of  sepia  cuts  made  by  George 
Elmer  Browne  for  one  of  the  World’s  Fairs. 
Browne  a  pupil  of  the  School  of  the  Museum 
of  Fine  Arts,  Boston. 

79.  Cole,  son  of  French  artist  who  settled  at  New- 
buryport,  Mass.,  painted  portraits  at  Boston; 
among  them  Hewes,  survivor  of  Tea  Party. 
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80.  Pollock  was  an  American  engraver,  who  was 
working  in  Providence  about  1839.  Original  of 
this  engraving  was  a  drawing  by  W.  J.  Harris, 
in  1836. 

82.  Most  of  the  cuts  used  in  White’s  Memoir  are 
copies  of  cuts  that  appeared  in  English  books 
on  the  cotton  industry.  Although  this  one  is 
captioned  as  a  view  of  Slater’s  mill,  the  general 
character  of  the  other  illustrations  makes  the 
authenticity  of  this  one  doubtful. 

85.  John  Rubens  Smith,  an  engraver,  born  in  Eng¬ 
land,  died  in  New  York.  Worked  at  Boston 
about  1811  and  in  1816  was  in  New  York 
painting  portraits.  He  taught  drawing  at 
Philadelphia  about  1835  to  1837,  and  had 
among  his  pupils  Sully,  Leutze,  and  Gifford. 
His  design  and  etching  of  the  monument  in 
St.  Paul’s  Churchyard,  New  York,  to  George 
Frederick  Cooke,  the  actor,  attracted  at¬ 
tention. 

86.  Barber’s  illustrations  of  places  and  scenes  in 
New  England  were  faithfully  done  from  obser¬ 
vation. 

88.  Silhouette  said  to  be  the  only  likeness  extant  of 
Francis  Cabot  Lowell. 

90.  John  Cheney,  born  at  South  Manchester, 
Connecticut,  in  1801,  excelled  as  a  line  en¬ 
graver  of  small  heads. 

91.  Benjamin  Mather,  born  in  Connecticut  about 
1776,  died  at  Lowell  in  1863.  At  one  time  was 
a  bookseller  and  later  Superintendent  of 
Scales  at  Lowell.  Painting  was  presented  to 
the  Hamilton  Manufacturing  Company  in 
1886. 

92.  See  86. 

94.  Original  has  the  inscription  ‘"Lithograph  of 
E.  W.  Bouve,”  American  engraver  about  1840. 

96,  97.  See  86. 

101.  See  42. 

103.  Artist  was  born  at  Dublin  in  1792  and  came  to 
America  in  1818.  He  was  a  landscape  painter 
and  resided  for  a  time  at  Newport,  Rhode 
Island. 

110.  Artist  born  at  New  York,  studied  abroad;  was 
a  landscape  painter  and  noted  for  his  Long 
Island  scenes.  Picture  was  exhibited  at  the 
Centennial  Exposition  of  1876. 

111.  View  probably  a  reconstruction;  it  is  signed 
“Sullivan”  as  draftsman  and  “Lovejoy”  as 
engraver  of  the  wood  block  in  The  American 
Pioneer,  a  monthly  devoted  to  Western  history. 

112.  Artist  an  American  landscape  painter,  born 
at  Rossville,  New  York.  In  1851  became  a 
member  of  the  Academy  of  Design.  Worked 
abroad  1857  to  1863  and  exhibited  his  “  Back- 
woods  of  America”  at  the  Royal  Academy. 

115-119.  See  32. 

123.  Arthur  T.  Safford  is  engineer  in  charge  of 
Locks  and  Canals  at  Lowell  and  has  written 
articles  on  water  power. 

131.  Hennepin,  French  explorer,  accompanied 


La  Salle  on  part  of  his  travels.  Some  of  his 
discoveries  were  discredited. 

137,  139.  Both  originals  are  preserved  in  the  files 
of  the  Lehigh  Coal  and  Navigation  Company, 
Philadelphia. 

138.  This  early  scientific  jotirnal,  founded  in  1818 
and  edited  by  Benjamin  Silliman  (1779- 
1865),  was  the  first  to  use  lithographs  (1821) 
in  this  country,  soon  after  the  art  was  per¬ 
fected  abroad.  It  contained  lithographs  by 
Pendleton,  one  of  the  American  pioneers  in  this 
sort  of  illustration. 

144.  Pyne’s  figures  and  landscapes  were  “accurately 
drawn  from  Nature”  and  “for  the  embellish¬ 
ment  of  the  landscape.”  See  Volume  III, 
Nos.  4,  32. 

145.  Sir  Charles  Lyell,  a  famous  British  geologist, 
visited  the  United  States  in  1841  and  again  in 
1845,  studying  the  formation  of  beds  of  coal, 
the  recession  of  the  Falls  of  Niagara,  and  the 
Mississippi  delta.  He  delivered  a  course  of 
lectures  at  the  Lowell  Institute,  Boston.  Lyell 
states,  “I  found  at  Brownsville  a  bed  ten  feet 
thick  of  good  bituminous  coal.  ...  I  made  a 
hasty  sketch  of  its  appearance  from  the  bridge 
looking  down  the  river.” 

146.  Howe’s  sketches  of  places  in  Middle  and 
Western  states  were  done  on  the  spot,  after¬ 
wards  engraved  on  wood  for  his  various 
Collections. 

148.  Chart  by  a  well-known  electrical  engineer. 

156.  See  12. 

166-167.  Artist  a  well-known  illustrator  of  his  day. 

171."  Frenzeny,  American  illustrator,  contributed  to 
Appleton’s  Journal,  Harper’s  Weekly,  and  other 
journals. 

180,  181,  183.  Photographer  specializes  on  types  of 
industrial  workers. 

182.  See  171. 

195.  See  171. 

210.  Few  copies  of  this  engraving  exist.  The  print 
first  came  to  light  in  London  in  1 876 .  A  double 
column  description  of  the  plate  has  been 
omitted  from  the  reproduction.  Two  other 
copies  are  known  to  exist,  differing  from  this 
copy  in  that  the  description  is  in  one  column 
at  the  side.  These  two  are  at  the  reference 
library  in  Birmingham,  England,  and  the  Salt 
Library  at  Stafford. 

212.  Made  by  James  Watt  in  1765,  and  although  in¬ 
complete  shows  the  principle  that  was  incor¬ 
porated  in  the  patent  which  he  took  out  some 
years  later.  The  model  is  now  soldered 
together  in  an  unworkable  manner,  with  the 
parts  joined  in  misleading  shapes.  This  was 
probably  done  by  the  inventor  for  fear  that 
the  model  might  find  its  way  into  dishonest 
hands  before  the  patent  was  taken  out. 

214.  When  the  Hornblower  engine  was  broken  up, 
the  cylinder  was  carried  to  Philadelphia,  and 
from  there  went  into  private  hands  in  Newark, 


NOTES  ON  THE  PICTURES 


317 


New  Jersey.  It  came  into  the  possession  of 
the  New  Jersey  Historical  Society  and  was 
later  given  to  the  United  States  National 
Museum. 

215.  The  drawing  was  made  by  Frederick  Graff 
(1775-1847),  Philadelphia  engineer,  who 
assisted  B.  H.  Latrobe  in  the  construction  of 
the  Philadelphia  waterworks,  and  who  made  a 
blueprint  of  the  works.  The  original  drawing 
has  been  in  the  possession  of  Graff’s  de¬ 
scendants. 

221.  Artist  a  well-known  illustrator  of  his  day. 
See  Vol.  I,  pages  156  and  194. 

226.  Lent  to  the  South  Kensington  Museum  in 
1890  by  the  inventor. 

230.  Kalm  was  professor  of  natural  history  at  the 
University  at  Abo,  Switzerland. 

232.  The  following  note  is  given  by  the  author: 
“The  above  is  as  near  a  correct  copy  of  the 
label  as  we  are  able  to  give.  The  original  was 
so  badly  worn  and  torn  as  to  render  it  im¬ 
possible  to  be  copied  exactly.” 

234.  John  A.  Mather  was  a  photographer  who  went 
into  the  oil  region  of  Pennsylvania  when  the 
boom  started.  He  left  a  large  number  of 
photographs,  which  are  an  important  addition 
to  the  history  of  this  period.  The  view  of 
Drake  and  his  well  was  taken  some  years  after 
the  discovery  and  is  a  posed  picture,  as  is 
evident  from  the  silk  hat  donned  by  Drake  for 
the  occasion. 

235.  According  to  Mr.  Butler  the  interior  of  the 
well  was  carefully  reconstructed  for  the  motion 
picture  from  descriptions  of  eye-witnesses  of 
the  event  and  particularly  from  the  description 
of  one  of  the  Smith  boys,  who  did  the  actual 
drilling  and  who  was  still  alive  at  the  time  the 
motion  picture  was  taken. 

238.  Schell  was  an  artist  correspondent  for  Leslie’s 
Weekly  during  the  Civil  War  and  later  a 
contributor  to  various  illustrated  weeklies. 

241.  This  photograph  was  taken  probably  by 
John  A.  Mather.  See  234. 

245.  See  148. 

278.  See  12. 

290.  See  12. 

291,  292,  293,  302.  See  123. 

335.  Pictures  of  Franklin  and  his  kite  are  based  on 
gossip  and  hearsay.  All  that  is  known  appears 
in  a  letter  from  Franklin  to  Collinson  which 
merely  gives  a  bare  outline  of  the  experiment. 

403.  An  attempt  to  trace  the  origins  of  this  machine 
was  made  by  the  late  S.  N.  D.  North,  former 
Secretary  of  the  National  Association  of  Wool 
Manufacturers.  According  to  data  gathered 
by  him,  the  machine  was  operated  by  the 
Scholfields  at  Charlestown  and  later  at  Bly- 
field,  and  then  brought  to  New  Hampshire 
where  it  was  run  for  many  years  in  the  mills  at 
Nashua,  Jaffrey,  and  later  at  Marlboro.  It 
fell  into  the  hands  of  Rufus  S.  Frost  of  Boston, 


from  whom  it  was  purchased  by  the  Davis  & 
Furber  Machine  Company.  Royal  C.  Taft, 
of  Providence,  who  saw  it  while  in  the  posses¬ 
sion  of  Mr.  Frost  in  the  late  ’nineties,  declared, 
“I  myself  have  no  doubt  that  Mr.  Frost  has 
the  Scholfield  machine.” 

406.  Cut  taken  from  an  autograph  letter  of  Samuel 
Lawrence  dated  Lowell,  September  27,  1848, 
formerly  in  the  possession  of  the  late 
S.  N.  D.  North. 

422,  423,  424,  426.  The  book  that  contained  these 
cuts  was  issued  in  connection  with  the  Cen¬ 
tennial  Exposition  of  1876. 

437.  A  copy  of  the  Court  Book  of  the  Virginia 
Company  for  the  years  1619-1623  was  made 
sometime  between  November,  1623  and  June, 
1624,  by  Nicholas  Ferrer,  clerk  of  the  Virginia 
Company,  in  anticipation  of  the  confiscation 
of  the  records  of  the  Company  by  the  Crown. 
The  original  Court  Book  was  confiscated  and 
has  never  been  heard  of  since.  The  copy  is 
therefore  unique.  It  was  bought  some  time 
after  1667  by  William  Byrd  of  Virginia  from 
the  estate  of  the  Earl  of  Southampton  and 
brought  to  America.  It  remained  in  the 
hands  of  the  family  for  over  a  hundred  years, 
then  fell  into  the  hands  of  Colonel  Bland  and 
was  purchased  from  him  by  Thomas  Jefferson. 
It  eventually  was  placed  in  the  Library  of 
Congress  with  the  other  Jefferson  papers. 

438.  Costumes  are  of  the  period  of  the  late 
eighteenth  century. 

441.  The  record  is  in  the  hand  of  Thomas  Leonard, 
whose  signature  is  attached. 

449.  Tiebout  the  first  American  engraver  to  go  to 
England  for  purposes  of  study.  Worked 
later  in  Philadelphia  for  Mathew  Carey  and 
other  publishers.  Strickland  an  architect  and 
engineer. 

456,  459.  See  146. 

460.  Works  erected  by  William  Garrard  in  1832; 
first  steel  in  Ohio  wTas  converted  here  in  August 
of  that  year. 

474,  475.  See  12. 

504.  Conjectural  picture,  but  reasonably  correct. 

519-527.  See  180. 

528.  One  of  a  series  of  decorative  but  vigorous 
paintings  by  a  noted  American  artist,  to  illus¬ 
trate  the  industries  of  Pennsylvania. 

530-533.  Artist  devotes  himself  to  pictures  on 
American  industry.  See  frontispiece  of  this 
volume. 

540.  Early  sketch  by  an  American  who  became  a 
famous  painter.  For  other  examples  of  his 
early  work  see  Volume  III,  82,  131. 

551,  552.  Artist  a  well-known  illustrator  of  the 
period,  responsible  for  many  vigorous  illustra¬ 
tions  on  Civil  War  scenes. 

560.  Artist  a  distinguished  illustrator  of  great  versa¬ 
tility  and  intelligence.  See  Volume  III,  178, 
194. 


NOTES  ON  THE  PICTURES 


606.  From  a  collection  of  photographs  taken  by 
Julius  F.  Sachse,  contained  in  an  album  en¬ 
titled  The  Kloster  at  Ephrata,  in  the  New  \ork 
Public  Library. 

610.  Greenwood,  a  Dartmouth  graduate  (1806), 
studied  drawing  and  painting  under  Edward 
Savage;  as  an  itinerant  portrait  painter 
traveled  in  New  England.  Isaiah  Thomas 
portrait  was  done  in  1818. 

612.  Doughty,  a  leading  landscape  painter,  one  of 
the  group  known  as  the  Hudson  ltiver  school, 
mid-nineteenth  century. 

620.  See  12. 

628.  See  86. 

630-633.  Reduced  copies  of  charcoal  sketches  con¬ 
tributed  by  the  Pork  Packers’  Association  of 
Cincinnati  to  the  Vienna  Exposition.  Pre¬ 
pared  by  a  competent  artist  with  great  care. 
Actual  studies  were  made  and  even  the  faces, 
forms,  and  dresses  of  the  men  are  from  life. 
Sketches  received  the  highest  medal  from  the 
Committee  on  the  Commerce  of  the  World 
at  the  Exposition. 

639-645.  Sketches  credited  to  Henry  Worrall. 

652.  The  tannery  is  that  of  Charles  Harrington 
&  Co.,  Salem. 


668.  Made  by  the  father  of  Elihu  Smead  of  Shel¬ 
burne,  Massachusetts,  and  donated  by  the 
son  to  the  museum. 

678.  This  engraving  is  based  on  a  model  of  the 
proposed  New  Harmony  colony  which  was 
exhibited  by  Owen  at  the  Mechanics’  Insti¬ 
tute,  London.  A  model,  probably  the  same, 
was  exhibited  by  Owen  before  the  Congress 
of  the  United  States. 

679.  The  artist  accompanied  Maximilian  and  made 
sketches  from  life  of  American  scenes.  For 
further  examples  of  his  work  see  Volume  I, 
62,  63,  64,  66,  67  and  Volume  III,  353. 

681.  The  lithograph  was  made  during  a  visit  in 
Paris  by  Rose-Josepli  Lemercier,  1803-1887, 
a  popular  lithographer  of  his  day. 

696.  A  labor  cartoonist  who  served  in  Congress, 
1917-1921.  See  Volume  III,  604. 

708.  A  famous  cartoonist  of  his  day,  noted  for  his 
exposures  of  the  Tweed  ring  and  other  forms 
of  political  corruption. 

724.  Early  example  of  the  work  of  an  American 
artist  who  later  became  a  famous  painter. 
See  744,  745,  747,  751,  752,  755-757. 

727.  Rogers  one  of  the  leading  cartoonists  of  his  day. 

730.  See  708. 
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Abbey,  Edwin  A.,  “Spirit  of  Vulcan,”  211. 

Acts  of  trade,  restriction  on  colonial  industry,  21,  180,  181 ; 
Molasses  Act,  23. 

Adamson,  Daniel,  steam  engine,  89. 

Adamson  Act,  289. 

Agrarian  reform  movements,  282,  283. 

Agricola,  Georg,  De  re  metallica,  43,  44. 

Agriculture,  mainstay  of  colonial  era,  7. 

Alabama,  coal  mine  blast,  79;  Muscle  Shoals  project,  131; 
iron  and  steel  industry,  187,  190. 

Albemarle,  N.  C.,  cotton  mills,  152. 

Alexander,  John  W.,  “Pittsburgh  Riots,”  299;  “Labor,” 
308-313. 

Alglave  and  Boulard,  Electric  Light,  136,  139. 

Allentown,  Pa.,  silk  industry,  169. 

Alliance  Ironworks,  ruins,  182. 

Allingham,  Charles,  “Samuel  Crompton,”  31. 

Amalgamated  Clothing  Workers,  297,  298. 

American  Antiquarian  Society,  Worcester,  material  from, 
248. 

American  Federation  of  Labor,  organization,  293;  Gompers, 
293,  294;  structure,  294;  membership,  294;  and  rail¬ 
way  workers,  296;  and  clothing  workers,  297. 

American  Iron  and  Steel  Institute,  208. 

American  Journal  of  Science  and  Art,  58,  60. 

American  Museum  of  Safety,  New  York,  material  from, 
306. 

American  Optical  Co.  first  power,  44. 

American  Pioneer,  47. 

American  Railway  Union,  strike,  300. 

American  Revolution,  ordnance  casting,  181. 

American  Society  of  Civil  Engineers,  material  from,  120. 

American  Weekly  Mercury,  watermark,  245. 

American  Wood  Paper  Co.,  251. 

American  Woolen  Co.,  162. 

Ames,  John,  paper  machinery,  249;  portrait,  249. 

Amesbury  Ironworks,  177. 

Ampere,  Andre  M.,  electricity,  135. 

Ancram  Creek,  N.  Y.,  furnace,  178. 

Anderson,  Alexander,  “Braking  Flax,”  14;  “Scissors 
Grinder,”  27;  “Franklin  and  his  Kite,”  135. 

Andrews,  Clark  and  Co.,  99. 

Anglo-Persian  Oil  Co.,  100. 

Animal  power,  44. 

Apprentice  system,  development,  18;  indenture,  27. 

Arbitration  of  labor  questions,  289,  298;  trend,  302;  War 
Labor  Board,  302;  Railroad  Labor  Board,  303;  Kansas 
Industrial  Court,  303. 

Arc  lights,  development,  138-140. 

Archereau,  Henri  A.,  arc  lamp,  138. 

Arkwright,  Sir  Richard,  career  and  textile  inventions,  30, 
31;  portrait,  30. 

Armour,  Philip  D.,  career  as  meat  packer,  264;  portrait, 
264. 

Art  Journal,  47. 

Artisans,  colonial  development,  2,  18,  19,  28;  period  and 
phases,  18-27,  308;  supplanting,  26,  308,  314.  See  also 
Handicrafts;  and  industries  by  name. 


Ashmead,  Henry  G.,  Delaware  County,  246. 

Baltimore  and  Ohio  Railroad,  first  locomotive,  205. 
Banks,  labor,  296,  306. 

Barber,  John,  gas  engine,  112. 

Barber,  John  W.,  Connecticut  Historical  Collections,  19,  41; 

Historical  Collections  of  Massachusetts,  38,  40,  41,  257. 
Bardin’s  Ironworks,  177. 

Bark,  tanning,  271. 

Barker’s  Mill,  118. 

Barnett,  William,  gas  engine,  112. 

Barney,  T.,  “Newcomen’s  Engine,”  84. 

Barnstable,  Mass.,  Swift  slaughterhouse,  265. 

Barr,  Alexander,  textile  machinery,  34. 

Barr,  Robert,  textile  machinery,  34. 

Barstow’s  Forge,  177. 

Bartlett,  W.  H.,  “Primitive  Saw  Mill,”  25. 

Bass,  Jonathan,  furnace,  177. 

Baum,  Frank  G.,  Atlas  of  Electric  Power  Industry,  62,  98, 
134. 

Bay  State  Iron  Co.,  206. 

Beaming  cotton,  157. 

Beard,  Thomas,  shoemaker,  272. 

Becker,  Maurice,  “Power,”  289. 

Belleville,  N.  J.,  copper  mine,  86. 

Beneker,  Gerrit  A.,  “The  Test,”  211;  “Welding,”  212; 

“Men  Are  Square,”  212;  “Iron  Man,”  212. 

Berkly,  John,  ironworker,  175. 

Berkshire  valley.  Mass.,  and  paper  making,  250. 

Bessemer,  Sir  Henry,  converter,  197;  portrait,  197. 
Bessemer-Kelly  process,  197-199. 

Betty  Lamp,  12. 

Beverly,  Mass.,  early  textile  enterprise,  34,  35. 

Birkinbine,  John,  “Development  of  the  Blast  Furnace,” 
191. 

Birmingham,  Ala.,  as  iron  industry  center,  187. 

Bjork,  Oscar,  “Nail  Makers,”  308. 

Blake,  Lyman  R.,  shoe-sewing  machine,  276. 

Bloom,  196. 

Bodmer,  Carl,  “New  Harmony,”  280. 

Bog  iron  ore,  and  forges,  176,  177;  digging,  188. 

Book  of  English  Trades,  237. 

Boott,  Kirk,  and  Lowell,  39. 

Boott  Mills,  41. 

Boston,  steel  works,  206;  cattle  market,  257. 

Boston  Evening  Post,  181. 

Boston  Manufacturing  Co.,  39. 

Bound  Brook,  Mass.,  bloomery,  177. 

Bow,  N.  H.,  primitive  turbines  at,  118,  119. 

Boycott,  302. 

Boyden,  Seth,  portrait,  204;  career,  malleable  castings, 
204. 

Boyden,  Uriah  A.,  turbine,  119;  portrait,  119;  career,  119. 
Bradford,  J.  N.,  “Hecla  Furnace,”  183. 

Bradford,  William,  as  paper  maker,  245. 

Braintree,  Mass.,  ironworks,  176,  177. 

Branca,  Giovanni,  steam  device,  83. 

Brandywine  Mill,  205. 
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Breda,  Charles  Frederick  von,  “James  Watt,”  85. 

Bridges,  Robert,  ironworks,  176. 

Bridgewater,  Mass.,  gun  factory,  177. 

Brighton,  Mass.,  cattle  market,  257. 

Brisbane,  Albert,  portrait,  282;  Fourierism,  282. 

Bristol  County,  Mass.,  bog  ore  forges,  177. 

Brockett,  L.  P.,  Silk  Industry,  167,  168. 

Brockton,  Mass.,  as  shoe  center,  273. 

Brook  Farm,  282. 

Brooms,  colonial,  11. 

Brotherhood  of  Firemen  and  Enginemen,  296. 

Brotherhood  of  Locomotive  Engineers,.  296. 

Brotherhood  of  Railway  Trainmen,  296. 

Brown,  Moses,  and  Slater,  35;  career,  36;  portrait,  36; 

and  wool  manufacture,  160. 

Brown,  Samuel,  gas  engine,  112. 

Brown  University,  original  endowment,  36. 

Browne,  George  E.,  “Washington’s  Visit  to  the  Beverly 
Mill,”  35. 

Bruere,  Robert  W.,  on  giant  power,  133,  134. 

Brummagen  Forge,  177. 

Brunei,  Marc  I.,  gas  engine,  112. 

Brush,  Charles  J.,  arc  lamp,  139. 

Buckingham,  James  S.,  Eastern  and  Western  States,  25. 
Building  and  loan  associations,  284. 

Burden,  Henry,  career,  ironmaster,  206;  portrait,  206. 
Burgess,  Hugh,  wood-pulp  paper,  251;  portrait,  251. 
Burgess  Mill,  251. 

Burleigh,  C.  C.,  Jr.,  “Silk  Mills,”  167. 

Bush,  C.  G.,  “Country  Pedlar,”  27. 

Butler,  J.  G.,  Fifty  Years  of  Iron  and  Steel,  197. 

Butter  making,  colonial,  12. 

Cabinet,  labor  in,  288;  Coolidge’s,  306. 

Cabinetmaking.  See  Carpentry. 

California,  petroleum,  98,  99;  forests,  228,  229.  See  also 
Pacific  coast. 

Cambria  Iron  Co.,  Kelly  converter,  198;  first  steel  rail,  198. 
Campbell,  John,  portrait,  183;  ironworks,  183. 

Canals,  coal  transportation,  71. 

Candles,  colonial,  11,  12;  as  illuminant,  92. 

Capital,  origin  of  early  industrial,  42. 

Carding,  wool  cards,  15;  Arkwright’s  machine,  31; 
Slater’s  machine,  37;  modern  machine,  154;  Scholfield 
wool  machine,  160,  161. 

Carnegie,  Andrew,  portrait,  207;  career,  as  ironmaster,  207. 
Carnegie  Company,  Lucy  Furnace,  185. 

Carnegie  Institute,  Pittsburgh,  material  from,  308-313. 
Carpenter,  Ezekiel,  fulling  mill,  36. 

Carpentry,  early  colonial  housebuilding  and  tools,  8; 

early  furniture  and  utensils,  9. 

Cartwright,  Edmund,  loom,  32. 

Case  oil.  111. 

Cast-iron,  196. 

Catalan  forge,  190. 

Catasauqua,  Pa.,  ironworks,  184. 

Cattle.  See  Meat. 

Cawley,  John,  steam  engine,  84. 

Centennial  Exposition,  Corliss  engine,  88. 

Chadwick  Museum,  Bolton,  material  from,  31. 

Chain  store  system  as  substitute  for  cooperation,  284. 
Charlotte  Furnace,  177. 

Chartley  Ironworks,  177. 

Chelmsford,  Mass.,  forge,  177. 

Cheney,  John,  “Patrick  Tracy  Jackson,”  39. 

Cheney  Silk  Mill,  168. 

Chicago,  meat  packing,  256,  259-262;  anarchist  riots,  293; 
Pullman  strike,  300. 


Child  labor,  in  early  American  factories,  3;  in  coal  breakers 
and  mines,  69,  76. 

Chrome  leather,  272. 

Churns,  colonial,  12. 

Cigar  raft,  233. 

Cincinnati,  early  iron  industry,  173,  184;  hog  packing, 
256,  258;  early  bricklaying  prices,  279;  Warren’s  time 
store,  283. 

City  of  Holyoke,  52,  250. 

Clayton,  Henry  D„  Clayton  Act,  career,  288:  portrait,  288. 
Clayton  Act,  288. 

Cleveland,  Ohio,  Wellman  and  iron  industry,  206. 

Closed  shop,  and  control  of  industry,  306. 

Clothing  workers,  organization,  297,  298. 

Coal,  American  resources,  4;  as  source  of  power,  54; 
anthracite,  54;  origin,  55;  varieties  of  formation,  56; 
early  mention  of  American,  56;  first  American  mine, 
56;  importation,  56;  experiments  with  anthracite,  57; 
first  mining  and  trade  in  anthracite,  58;  anthracite  edu¬ 
cation,  59;  mining  at  Mauch  Chunk,  60;  early  British 
collier,  61;  early  American  bituminous  mining,  61; 
diagram  of  production,  62;  fields,  62;  relative  use  of 
varieties,  62;  world  supply,  63;  cross-section  of  mine, 
63;  types  of  mines,  64,  75;  process  of  mining,  64-68; 
breaking,  68-70;  transportation,  71;  by-products,  72; 
simple  coking,  73;  by-product  coking,  73;  tools,  76; 
lamps,  76-78;  ventilation,  76,  77;  pumping,  77;  gas 
and  dust  protection,  77,  78;  disasters  and  rescue,  79; 
paying  miners,  80;  social  conditions  of  miners,  80,  81; 
condition  of  bituminous  mining,  82;  electric  power  con¬ 
version  at  mine,  134;  anthracite  smelting,  184,  185;  coke 
smelting,  185;  labor  organization,  295.  See  also  Steam. 
Coal  breaker,  68,  69. 

Coal  cutter,  65;  combination,  67. 

Coal  loader,  66. 

Coal  tar  products,  72. 

Coatesville,  Pa.,  rolling  mills,  202,  205. 

Cobden,  John  C.,  Sufferings  of  the  English  Poor,  32. 

Coffin,  G.  A.,  “Pullman  Strike,”  300. 

Cohoes,  N.  Y.,  power  plant,  130. 

Coking,  73,  74;  smelting,  185;  Frick  and  industry,  208. 
Cold  blast  furnace,  190. 

Cole,  J.  G.,  “Samuel  Slater,”  35. 

Colebrookdale  Furnace,  179. 

Colonial  Foundry,  178. 

Colorado,  forest  fire  observatory,  243. 

Colt,  Christopher,  Jr.,  silk  mill,  169. 

Columbia,  electric-lighted,  145. 

Combing,  wool,  15;  cotton  fiber,  155. 

Commerce,  pedlars,  27;  and  capital  for  industry,  42. 
See  also  Transportation. 

Commercial  Museum,  Philadelphia,  material  from,  192. 
Compressed  air  drill,  66. 

Concord  Ironworks,  177. 

Concrete,  and  power  plants,  117. 

Congress,  Clayton  Act,  288;  Adamson  Act,  289. 

Conneaut,  Ohio,  ore  unloading,  189. 

Connecticut,  early  textile  mills,  41;  water  mill,  48;  dam, 
51;  wool  manufacture,  160,  161,  165;  attempted  silk 
culture,  167;  silk  manufacture,  167,  168;  iron  industry, 
173,  178;  first  paper  mill,  247.  See  also  New  England. 
Connecticut  River,  Holyoke  dam,  52,  53. 

Conservatoire  National  des  Arts  et  Metiers,  Paris,  material 
from,  112,  119,  122. 

Cook,  T.,  “Hogarth’s  Industry  and  Idleness,”  29. 
Coolidge,  Calvin,  portrait  with  cabinet,  306. 

Coolidge,  William  D.,  tungsten  lamp,  146;  career,  146; 
portrait,  146. 
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Cooper,  Peter,  portrait,  205;  career,  ironmaster,  205. 
Cooper-Douglas,  John,  gas  engine,  112. 

Cooperation,  movement,  failure  in  America,  284. 
Co-operative  Magazine,  280. 

Coopering,  24. 

Corcoran  Gallery  of  Art,  Washington,  material  from, 
308. 

Corliss,  George  H.,  portrait,  88;  steam  engines,  88. 
Corning,  Winslow  and  Co.,  and  Bessemer  process, 
198. 

Cornwall,  Pa.,  furnace,  181. 

Corporations,  industrial,  5. 

Cotton.  See  Textiles. 

Cowper,  E.  A.,  steam  engine,  89. 

Coxe,  Tench,  on  factory  system,  3;  and  textile  manu¬ 
facture,  34. 

Cradle,  colonial,  9. 

Cries  of  New  York,  27. 

Crompton,  George,  portrait,  164;  loom,  164. 

Crompton,  Samuel,  portrait,  31;  spinning  mule,  31. 
Crompton,  William,  portrait,  163;  loom,  163,  164. 
Cropsey,  Jasper  F.,  “Old  Mill,”  47. 

Crucible  steel,  174,  204. 

Culture,  Indian,  1;  stage  of  European  (1607),  1;  develop¬ 
ment  of  scientific  method,  2. 

Cupola  remelting  of  iron,  196. 

Currying,  handicraft,  22;  modern,  270. 

Curtis,  C.  G.,  steam  turbine,  91. 

Curtisville  Mill,  252. 

Cypress,  logging,  223. 

Dagys,  John  A.,  and  shoemaking,  273. 

Dams  for  water  power,  logway  and  fishway,  50;  develop¬ 
ment,  51-53;  hydroelectric,  130,  131. 

Davis,  Theodore  R.,  “Breaking  Coal,”  69;  “Slate  Pick¬ 
ing,”  69;  “Corliss  Engine,”  88. 

Davy,  Sir  Humphry,  safety  lamp,  77,  78;  and  Faraday, 
135;  portrait,  138;  arc  light,  138. 

Debs,  Eugene  V.,  as  Socialist,  284,  285;  portrait,  285; 
Pullman  strike,  300. 

Decker,  Wilbur,  “Newcomen’s  Engine,”  84. 

Deerfield,  Mass.,  millstone,  26. 

DeLeon,  Daniel,  Socialist,  284;  portrait,  284. 

Denver,  meat  packing,  256. 

Dering,  Henry,  paper  maker,  246. 

Destouy,  Auguste,  welt  sewing  machine,  276. 

Deutsches  Museum,  Munich,  material  from,  83,  90. 

De  Wees,  William,  paper  maker,  246. 

Dexter,  Thomas,  ironworks,  176. 

Didot,  St.  Leger,  and  paper  machine,  250. 

Diesel,  Rudolf,  portrait,  116;  career,  116;  engine,  116. 
Diesel  engine,  116. 

Distilling,  process,  23. 

Donkin,  Bryan,  Fourdrinier,  250. 

Doughty,  Thomas,  “Gilpin  Paper  Mill,”  249. 

Douglas  fir,  logging,  226,  228. 

Drake,  E.  L.,  oil  well,  95,  96;  want,  annuity  and  monu¬ 
ment,  98. 

Draper  loom,  159. 

Drawing  frames,  154. 

Drawing  in,  158. 

Dredge,  Evans’  steam,  87. 

Drinkwater,  Mass.,  furnace,  177- 
Duluth,  ore  docks,  188. 

Durham  Furnace,  179. 

Dyeing,  domestic  and  artisan,  15,  17,  24;  silk,  171. 
Dynamo,  Faraday  s  invention,  135,  136;  Pixii  s,  136, 
development,  137. 


East  Bridgewater,  Mass.,  furnaces,  177. 

Easton,  Mass.,  forge,  177. 

Easton,  Pa.,  ironworks,  184. 

Edison,  Thomas  A.,  portraits,  143;  career,  143;  incan¬ 
descent  lamp,  143-145. 

Ehrman,  II.  M.,  bog  ore  forges,  177. 

Electricity,  steam  generation,  90;  development  of  use, 
117;  transmission,  117,  129,  130,  132,  147;  generators 
at  Niagara,  125,  126;  hydroelectric  plants,  129;  trans¬ 
mission  system  (map),  133;  gigantic  power  possibilities, 
134;  generation  at  coal  mines,  134;  Franklin’s  experi¬ 
ments,  135;  Faraday  and  dynamo,  135,  136;  Pixii’s 
dynamo  and  converter,  136;  Henry’s  experiments,  136; 
development  of  dynamo,  137;  development  of  arc  lamp, 
138-140;  tube  lights,  140;  development  of  incandescent 
lamp,  141-146;  transformer,  147;  light  in  modern  life, 
147;  iron  furnace,  202. 

Elmville,  Conn.,  wool  manufacture,  165. 

Embargo  Act,  and  factory  system,  3,  28,  33. 

Engineering,  artistic  presentation  of  modern,  311. 

England,  industrial  revolution,  2,  3. 

Ephrata,  Pa.,  paper  mill,  247. 

Equality,  in  industrial  question,  307. 

Essex  County,  Mass.,  bog  ore  forges,  177. 

Essex  Institute,  Salem,  material  from,  10,  12,  13,  35,  257, 
268,  271,  274,  275. 

Estley,  Ala.,  steel  works,  187. 

Ettor,  Joseph,  I.  W.  W.,  285;  portrait,  285. 

Evans,  George  Henry,  and  land  reform,  283. 

Evans,  Oliver,  Young  Mill-Wright,  17,  49,  50;  and  anthra¬ 
cite,  57;  career,  87;  portrait,  87;  engine,  87;  Abortion, 
87. 

Evans  engine,  87. 

Evershed,  Thomas,  Niagara  power  project,  124. 

Explosions,  coal  mine,  78,  79. 

Factory  system,  development  in  England,  3;  in  America, 
3,  28,  32,  33;  character  of  early  American  labor,  3; 
elements,  29;  conditions  of  early  English,  32;  Wetherill’s 
enterprises,  33,  34;  Beverly  mill,  34,  35;  Slater  and,  35. 
See  also  Industry. 

Fall  Brook  Furnace,  177. 

Fall  River,  Mass.,  cotton  manufacture,  149. 

Falling  Creek,  Va.,  ironworks,  175;  massacre,  175. 

Faneuil,  Benjamin,  paper  mill,  246. 

Faraday,  Michael,  career,  135;  portrait,  135;  dynamo,  135. 

Farmer,  Moses  G.,  portrait,  137;  electrical  inventions, 
137;  dynamo,  137;  incandescent  lamp,  142. 

Farny,  II.  F.,  “Hog  Packing,”  258. 

Feasch  and  Piccard,  turbine,  125. 

Federal  Steel  Co.,  208. 

Fell,  Jesse,  portrait,  57;  and  anthracite,  57. 

Fenn,  Harry,  “Old  Mill,”  53. 

Ferris,  A.  C.,  and  petroleum,  94. 

Finns,  loggers,  234. 

Fireplaces,  colonial,  10. 

Fires,  oil  tank,  109;  forest,  243. 

Fishway,  50. 

Flax.  See  Linen. 

Float  wheels,  46. 

Florence,  Mass.,  silk  mills,  167,  168. 

Flour.  See  Mills. 

Fly  frames,  155. 

Foerderer,  Robert  H.,  chemical  tanning,  272. 

Fontaine,  Hippolyte,  Eclairage  a  V  ElectricitS,  138. 

Forests,  depletion,  213,  242;  extent,  214;  hardwood 
stands,  226;  Pacific  coast,  228,  229.  See  also  Logging; 
National  forests. 
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Fourdrinier,  Henry  and  Sealey,  and  paper  machine,  250. 
Fourdrinier  paper  machine,  250,  255. 

Fourierism  in  United  States,  282. 

Fourneyron,  Benoit,  turbine,  119. 

Francis,  James  B.,  portrait,  120;  turbine,  120;  Lowell 
Hydraulic  Experiments,  120. 

Francis  wheel,  120. 

Franklin,  Benjamin,  electrical  experiments,  117,  135; 

proclamation  printed  by,  181. 

Franklin  Institute,  Philadelphia,  material  from,  87. 

Free  Enquirer,  281. 

French  Canadians,  textile  workers,  151;  loggers,  235. 
Frenzenv,  Paul,  “Loading  a  Coal  Boat,”  71;  Molly 
Maguires,”  75;  “Miner’s  Pay  Day,”  80. 

Frick,  Henry  C.,  portrait,  208;  career,  coke  and  steel, 
208;  Homestead  strike,  299. 

Frontier,  industry,  2,  18. 

Fulling,  process,  early  mill,  17. 

Fur  trading,  266. 

Furnace  Village,  Mass.,  177. 

Furniture,  early  colonial,  9. 

Futhey  and  Cope,  Chester  County,  251. 

Gabriel,  Ralph  H.,  on  epic  of  industry,  1-6. 

Gaine,  Hugh,  advertisement  for  rags,  248. 

Gamble,  John,  and  paper  machine,  250. 

Gannett,  Henry,  “Annual  Rainfall,”  128. 

Garretson,  A.  B.,  portrait,  296;  as  labor  leader,  296. 

Gary,  Elbert  H.,  portrait,  208;  as  ironmaster,  208. 

Gary,  Ind.,  steelworks,  187. 

Gas  engines,  basis,  112;  early  experiments,  112;  Lenoir’s, 
112;  Otto’s  first  and  four-cycle  engines,  113;  strokes  of 
four  cycle,  114;  strokes  of  two  cycle,  115;  Diesel,  116. 
George,  Henry,  portrait,  287;  mayoral  campaign,  287. 
Georgetown  Ironworks,  177. 

Georgia,  early  mills,  25;  present  mills,  152. 

Germans,  steelworkers,  209;  loggers,  235. 

Germantown,  Pa.,  stockings,  16;  paper  mills,  245. 

Gerome,  J.  L.,  “Ironworker,”  211. 

Gesner,  Abraham,  kerosene,  94;  portrait,  94. 

Gilbert,  William,  electrical  experiments,  117. 

Gillelin,  F.  M.,  Oil  Regions  of  Pennsylvania,  107,  111. 
Gilpin,  Thomas,  paper  machinery,  249. 

Gilpin  Paper  Mill,  249. 

Ginter,  Philip,  and  anthracite,  58. 

Glass  blowing,  312. 

Glastonbury,  Conn.,  cotton  factory  village,  41. 

Gleason’s  Pictorial,  41,  178.  , 

Glens  Falls,  N.  Y.,  sawmill,  26. 

Gompers,  Samuel,  as  leader  of  American  Federation  of 
Labor,  293;  portrait,  294;  career,  294. 

Goodyear,  Charles,  welt  sewing  machine,  276. 

Gore,  Obadiah,  and  anthracite,  57;  portrait,  57. 

Gould,  Jay,  and  Powderly,  292. 

Government  ownership  of  industries,  286. 

Graff,  Frederick,  and  anthracite,  57;  steam  engine,  86. 
Graham,  Charles,  “Rafting  Logs,”  225. 

Grant,  U.  S.,  starts  Corliss  engine,  88. 

Graphs.  See  Maps. 

Greeks,  textile  workers,  151. 

Greenwood,  Ethan  A.,  “Isaiah  Thomas,”  248. 

Grist  mills.  See  Mills. 

Grove,  Sir  William  R.,  incandescent  light,  141. 

Growth  of  Industrial  Art,  11,  13,  21,  22,  65,  112,  118,  189, 
253. 

Guest,  Richard,  Cotton  Manufacture,  29. 

Guild  Socialism,  286.  , 

Gum  trees,  logging,  223. 


Gurleyville,  Conn.,  silk  mill,  167. 

Gusher,  oil,  104. 

Hackley  Gallery  of  Fine  Art,  Muskegon,  material 
from,  312. 

Hall-in-the-Wood  Museum,  Bolton,  material  from,  31. 
Hamilton,  Alexander,  Paterson  cotton  mill,  38. 

Hamilton,  James,  proclamation,  181. 

Hamilton  Manufacturing  Company,  41. 

Hanaman,  Franz,  tungsten  lamp,  145. 

Hancock,  William,  paper  mill,  246. 

Hancock-Clarke  house,  interior,  9. 

Handicrafts,  stage  (1607),  1;  period  in  America,  2,  7. 
See  also  Artisans. 

Hanging  Rock,  Ohio,  iron  industry,  173,  182,  183. 
Harbinger,  282. 

Harding,  Chester,  “Amos  Lawrence,”  162. 

Hardwood  forests,  226. 

Hargreaves,  James,  spinning  jenny,  30. 

Harness  making,  22. 

Hart,  Schaffner  and  Marx,  and  labor  organization,  297, 
298. 

Hartford,  Conn.,  early  woolen  manufacture,  160. 

Hartford  Courant,  160. 

Harvard  Observatory,  material  from,  119. 

Hat  making,  colonial  development  and  process,  18,  21; 

restriction  of  colonial,  21. 

Hatchel,  14. 

Hautefeuille,  Jean  de,  gas  experiment,  112. 

Hauto,  Pa.,  power  plant,  134. 

Hawxhurst,  W.,  ironworks  advertisement,  178. 

Haymarket  riots,  293. 

Haywood,  William  D.,  I.  W.  W.,  285;  portrait,  285. 
Hazard,  Erskine,  and  anthracite,  59;  portrait,  59. 

Hazen,  Edward,  Popular  Technology,  21,  23-25,  44. 

Healy,  G.  P.  A.,  “Patrick  Tracy  Jackson,”  39;  “Abbott 
Lawrence,”  162. 

Hecla  Furnace,  183. 

Henchman,  Daniel,  paper  mill,  246. 

Hennepin,  Louis,  New  Discovery,  56. 

Henry,  J.  T.,  Petroleum,  94. 

Henry,  Joseph,  portrait,  136;  electrical  experiments,  136. 
Henry,  M.  S.,  Lehigh  Valley,  59,  60,  184. 

Hero  of  Alexandria,  steam  device,  83. 

Heroy,  W.  B.,  “Water  Power  Areas,”  128. 

Herter,  Albert,  “Industry,”  310. 

Hewitt,  Abram  S.,  mayoral  campaign,  287. 

Hewitt,  Peter  Cooper,  mercury  lamp,  140. 

High,  Thomas,  and  spinning,  31. 

Hillegas,  Michael,  coal  company,  58. 

Hillman,  Sidney,  as  labor  leader,  297,  298;  portrait,  297. 
Hingham  (Mass.)  Historical  Society,  material  from,  12, 
13,  27. 

Hinsdale,  Daniel,  wool  manufacture,  160. 

Hiscox,  G.  D.,  Gas,  Gasoline  and  Oil  Engines,  114,  115. 
Historical  and  Philosophical  Society  of  Ohio,  material 
from,  184. 

Historical  Society  of  Pennsylvania,  material  from,  97,  181. 
History  of  Allegheny  County,  185. 

Hogarth,  William,  “Industry  and  Idleness,”  29. 

Hollander  beating  machine,  249,  253. 

Holley,  Alexander  L.,  and  Bessemer  process,  198;  portrait 
198. 

Holmes  Forge,  177. 

Llolyoke,  Mass.,  dam,  52,  53;  paper  industry,  250;  silk 
mills,  168. 

Homer,  Winslow,  “Coming  Home  from  the  Factory,” 
150;  “Felling  Trees,”  216. 
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Homestead,  strike,  299. 

Homestead  Act  as  agrarian  reform,  283. 

Hopewell  Ironworks,  177. 

Hornblower,  Jonathan,  Jr.,  compound  steam  engine,  89. 

Hornblower,  Josiah,  and  steam  engine,  86. 

Horses,  harness  and  saddles,  22,  23;  power,  44,  61,  07. 

Hot  blast  smelting,  183,  190. 

Hours  of  labor,  Adamson  Act,  289;  eight-hour  day  move¬ 
ment,  290;  improvement,  305. 

Houses,  first  colonial,  8;  colonial  kitchens,  9,  10;  of  coal 
miners,  81.  See  also  Carpentry. 

Houston,  Edwin  J.,  dynamo,  137. 

Howd,  Samuel  B.,  turbine,  120. 

Howd  wheel,  120. 

Howe,  Elias,  sewing  machine,  275. 

Howe,  Henry,  Historical  Collections  of  Ohio,  61,  182,  183. 

Hudson,  Thomas,  and  ironworks,  176. 

Hugon,  Pierre,  gas  engine,  112,  113. 

Humphreys,  David,  dam,  51;  merino  sheep  and  wool 
manufacture,  161. 

Humphreys,  Frank  L.,  David  Humphreys,  161. 

Huston,  Charles,  ironmaster,  205. 

Huyghens,  Christian,  gunpowder  engine,  112. 

Illinois.  See  Chicago. 

Illustrations  of  Masonry,  57. 

Implements  and  utensils,  colonial  household,  8-13;  of 
coal  miners,  76.  See  also  Machinery;  and  industries  by 
name. 

Incandescent  lights,  development,  141-145;  tungsten 
lamps,  145,  146. 

Indiana,  steel  works,  187;  New  Harmony,  280. 

Indians,  culture,  1;  and  oil,  93;  tanning,  267. 

Industrial  Workers  of  the  World,  285. 

Industry,  stage  of  Indian,  1;  stage  of  European  (1607),  1; 
colonial  domestic,  2,  7,  17;  revolution  and  American 
union,  2;  revolution  as  phase  of  scientific  method,  2,  3; 
factory  system,  3;  American,  and  revolution,  3;  Ameri¬ 
can  natural  resources,  4;  scientific  research  and,  4; 
and  transportation  development,  5;  corporations  and 
unification,  5;  American  world  power,  6;  development 
of  artisans,  18,  19;  early  capital,  42;  dependence  on 
steam,  89;  artistic  presentation,  307-314;  American 
development,  308;  age  of  the  artisan,  308;  age  of  the 
machine,  309;  social  aspects  of  industrialism,  310.  See 
also  Artisans;  Coal;  Electricity;  Factory  system;  Im¬ 
plements;  Iron;  Labor;  Leather;  Logging;  Meat;  Paper; 
Power. 

Injunctions,  Clayton  Act,  288;  labor,  300. 

Inspection  of  meat,  256. 

Interstate  commerce,  labor  and  Clayton  Act,  288. 

Inventions,  industrial,  3-5.  See  also  cross  references  under 
Industry. 

Irish,  textile  workers,  150,  151. 

Iron  industry,  and  European  culture  (1607),  1;  develop¬ 
ment  of  Pennsylvania  works,  4;  American  resources,  4; 
early  nail  making,  13;  movement  and  development,  173; 
process,  174;  first  colonial  works,  175;  in  colonial  New 
England,  176-178;  in  middle  and  southern  colonies,  178- 
180;  English  regulation  of  colonial,  180,  181;  during 
American  Revolution,  181;  development  before  anthra¬ 
cite  period,  182—184;  hot  blast  smelting,  183;  anthra¬ 
cite  smelting,  184;  coke  smelting,  Pittsburgh,  185; 
location  of  blast  furnaces,  186;  mining,  188;  basis  of 
American  leadership,  188;  transportation  of  ore,  188, 
189;  development  of  furnace,  189-191;  modern  blast 
furnace,  192,  309;  large-scale  industry,  191;  filling  the 
furnace,  192,  193;  pig  casting,  194;  cupola  remelting, 


196;  puddling,  wrought  iron,  196;  cast  iron,  196;  electric 
furnace,  202;  malleable  castings,  204;  masters,  205,  208. 
See  also  Steel. 

Irons,  Martin,  as  labor  leader,  292. 

Ironton,  Ohio,  iron  industry,  173,  182,  183. 

Irvin,  S.  P.,  Oil  Bubble,  97. 

Italians,  textile  workers,  151;  steelworkers,  209. 

Jackman,  W.  G.,  “Oliver  Evans,”  87. 

Jackson,  Patrick  Tracy,  textile  manufacture,  39;  portrait, 
39;  career,  39. 

Jacob’s  Creek,  Pa.,  ironworks  on,  182. 

Jacquard  loom,  159. 

James,  Charles  T.,  portrait,  149;  steam  cotton  mills,  149. 
Jamestown,  Va.,  early  house,  8. 

Japanese,  loggers,  236. 

Jeffrey,  W.  II.,  Deep-Well  Drilling,  106. 

John  Carter  Brown  Library,  Providence,  material  from,  25. 
Johnson,  David  N.,  Sketches  of  Lynn,  273. 

Johnston,  James,  gas  engine,  112. 

Jones,  Benjamin  F.,  ironmaster,  206;  portrait,  206. 

Jones,  William  R.,  ironmaster,  207;  portrait,  207. 

Jones  and  Laughlin,  ironworks,  185,  206. 

Jones,  Lauth  and  Co.,  206. 

Jonval  turbine,  119. 

Just,  Alexander,  tungsten  lamp,  145,  146. 

Kalm,  Peter,  map  of  oil  springs,  93;  Travels  into  North 
America,  93. 

Kansas  City,  meat  packing,  256,  263,  264. 

Kansas  Industrial  Court,  303. 

Kay,  John,  flying  shuttle,  29. 

Keen,  Morris  L.,  wood  pulp  paper,  251. 

Keith,  George,  forge,  177. 

Kelly,  William,  portrait,  197 ;  and  Bessemer  process,  197, 
198. 

Keokuk,  Iowa,  power  plant,  131. 

Kerosene,  original,  94.  See  also  Petroleum. 

Keystone  Bridge  Co.,  207. 

Kicking  a  well  down,  102. 

Kier,  Samuel  M.,  and  petroleum,  94. 

Kings  Furnace,  177. 

King’s  Handbook  of  Springfield,  249. 

Kinsey,  Edmund,  and  anthracite,  59. 

Kirk,  A.  C.,  steam  engine,  89. 

Kitchens  and  utensils,  colonial,  9,  10. 

Kleist,  Ewald  G.  von,  and  Leyden  jar,  135. 

Knights  of  Labor,  career,  6,  291-293. 

Knitting,  hand  and  frame,  16. 

Knowles,  F.  B.,  loom  manufacture,  163. 

Knowles,  Lucius  J.,  portrait,  163;  career  and  loom,  163. 

Labor,  stage  of  Indian,  1;  European  division  (1607),  1; 
colonies  and  division,  2,  18;  development  of  division  in 
America,  2;  rise  of  problem  and  organization,  5,  6; 
apprenticeship,  18,  27;  in  early  English  factories,  32; 
in  early  American  textile  mills,  40,  41;  types  of  coal 
miners,  75,  76;  conditions  of  coal  miners,  80;  cotton 
factory  types  and  conditions,  150,  151,  153;  types  of 
steelworkers,  209,  210,  212;  logging  types,  216,  223, 
233-236;  unskilled,  307;  artisan,  308.  See  also  Organ¬ 
ized  labor. 

Lackawanna  Steel  Co.,  185. 

Lake  Champlain,  ironworks  in  district,  182. 

Lakeville,  Conn.,  ironworks,  178. 

Lakeville,  Mass.,  forge,  177. 

Lamps.  See  Lighting. 

Lancaster,  Pa.,  iron  industry,  173. 
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Lancaster  County  Historical  Society,  Papers,  246. 

Langen,  Eugen,  gas  engine,  113;  portrait,  113. 

Langmuir,  Irving,  tungsten  lamp,  146;  career,  146; 
portrait,  146. 

La  Roche  d’ Allion,  Joseph  de,  and  oil  springs,  93. 

Latrobe,  Benjamin  H.,  on  steam  engines,  86. 

Laval,  Gustaf  de,  steam  turbine,  90. 

Lawrence,  Abbott,  career,  162;  portrait,  162. 

Lawrence,  Amos,  portrait,  162;  career,  162. 

Lawrence,  John,  162. 

Lawrence,  Samuel,  wool  mills,  161,  163. 

Lawrence,  Sir  Thomas,  “Sir  Humphry  Davy,”  138. 

Lawrence,  Mass.,  naming,  162;  wool  manufacture,  165; 
textile  strike,  301. 

Lawrence  Scientific  School,  162. 

Leather,  colonial  manufacture,  17,  22,  267,  268;  harness 
and  saddlery,  22,  23;  materials  and  tanning  agents, 
266;  Indian  tanning,  267;  modern  tannery,  268; 
tanning  process,  269;  tanning  bark  and  extract,  271; 
chemical  tanning,  272.  See  also  Shoemaking. 

Lebon,  Philippe,  gas  engine,  112. 

Lee,  William  G.,  portrait,  296;  as  labor  leader,  296. 

Leffel,  James,  portrait,  121;  turbine,  121. 

Leffingwell,  Christopher,  paper  maker,  247 ;  portrait,  247. 

Legislation,  labor  betterment,  306. 

Lehigh  Coal-Mine  Co.,  58,  59. 

Lehigh  Crane  Ironworks,  184. 

Lehigh  Navigation  Co.,  59. 

Lenoir,  Etienne,  gas  engine,  112,  113. 

Leonard,  Eliphalet,  steel  forge,  177. 

Leonard,  Henry,  ironworker,  176. 

Leonard,  James,  ironworker,  176. 

Leonard,  Thomas,  forge,  177. 

Lewis,  John  L.,  portrait,  295;  as  labor  leader,  295. 

Lexington,  Mass.,  Hancock-Clarke  house,  9. 

Lexington  (Mass.)  Historical  Society,  material  from,  9. 

Library  of  Congress,  material  from,  175. 

Life,  Speeches  ...  of  William  Sylvis,  290. 

Lighting,  candles,  11,  12,  92;  whale-oil  lamps,  12,  92;  coal 
miner’s  lamps,  76-78;  first  use  of  petroleum,  94;  elec¬ 
tric  arc  lamps,  138-140;  incandescent  lamps,  141-146; 
Edison’s  first  electric  station,  145;  electric,  in  modern 
life,  147. 

Lime  Rock,  Conn.,  furnace,  178. 

Limestone  valleys,  ironworks,  173,  178,  179. 

Linen,  colonial  manufacture,  13-16. 

Livingston,  Philip,  ironmaster,  178 

Lloyd,  Thomas,  Trial  of  Boot  Makers,  279. 

Locomotives,  first  American,  205. 

Logging,  logway  of  dam,  50;  as  term,  213;  in  New 
England,  214;  in  north  central  states,  215;  winter 
camp  and  jacks,  215,  216;  felling,  216;  hauling,  217; 
river  drive,  jams,  218,  219;  southern  camp,  220;  naval 
stores,  220,  221;  postbellum  in  South,  221;  southern 
pines,  222;  transportation  in  South,  222,  223;  southern 
swamp,  223;  southern  rafts,  225;  in  Rocky  Mountains, 
226,  227;  felling  on  Pacific  coast,  228;  moveable  camps, 
229;  topping  trees,  230;  transportation  on  Pacific 
coast,  230-233;  labor  types,  233-236.  See  also  Forests; 
Lumber;  Paper. 

London,  float  wheels,  46. 

Loom.  See  Textiles. 

Louisiana,  logging,  222,  224;  sawmill,  241,  242. 

Lowell,  Francis  Cabot,  textile  manufacture,  38,  39;  por¬ 
trait,  38. 

Lowell,  Mass.,  beginnings  and  development,  views,  39-41; 
labor  system,  40,  41;  dam  at,  51;  turbine  development, 
120;  wool  manufacture,  161. 


Lowell  Offering,  40. 

Lucy  Furnace,  185. 

Lukens,  Charles,  ironmaster,  205. 

Lukens,  Rebecca,  ironmaster,  205;  portrait,  205. 

Lukens  Iron  Co.,  rolling  mills,  202;  early  masters.  205. 

Lumber,  early  mills  and  saws,  *25,  26,  237 ;  former  and 
present  demand,  213;  production  by  states  and  sections, 
225;  producing  and  consuming  regions,  228;  types  of 
present  saws  and  mills,  238-240;  large-scale  mills,  241; 
curing,  242.  See  also  Logging. 

Lyell,  Charles,  Travels  in  North  America,  61. 

Lynn,  Mass.,  ironworks,  176;  first  tannery,  267;  develop¬ 
ment  of  shoemaking,  273. 

Lynn  (Mass.)  Public  Library,  material  from,  176. 

McCalls  Ferry,  Pa.,  power  plant,  130. 

McCoy,  Joseph  G.,  Historic  Sketches  of  Cattle  Trade,  261, 
264. 

McKay,  Gordon,  shoe  sewing  machine,  276. 

McNaught,  William,  steam  engine,  89. 

McPharlan,  James,  Molly  Maguires,  75. 

Machinery,  rise  and  development  of  industrial,  3,  5;  age, 
309;  social  effect,  310.  See  also  Power;  and  cross 
references  under  Industry. 

Macy,  Wendell,  “Nantucket  Mill,”  45,  46. 

Maine,  tidal  mill,  48.  See  also  New  England. 

Malleable  castings,  204. 

Mansfield,  Conn.,  silk  mills,  167,  168. 

Manufactures.  See  Industry. 

Maps  and  plans,  coal  production,  62;  coal  fields,  62; 
Kahn’s  oil  springs,  93;  American  oil  fields,  99;  world 
oil  fields,  100;  petroleum  transportation,  108;  power 
behind  Niagara  Falls,  124;  relation  of  water  power  to 
total  American  power,  127;  water-power  areas,  128; 
rainfall,  128;  water-power  sites,  129;  superpower 
systems,  133,  134;  bog  ore  forges,  177;  location  of 
blast  furnaces,  186;  steel  processes,  195;  extent  of 
forests,  214;  lumber  production  by  states  and  sections, 
225;  lumber  producing  and  consuming  regions,  228; 
national  forests,  243;  American  cattle  markets,  263; 
growth  of  American  Federation  of  Labor,  294;  organ¬ 
ization  of  clothing  workers,  297,  298;  strength  of 
organized  labor,  304;  trend  of  wages,  305;  hours  of 
labor,  305. 

Marchand,  J.  N.,  “Falling  Creek  Massacre,”  175. 

Marks,  Louis  B.,  arc  lamp,  139. 

Marsh,  Fred  D.,  “Modern  Engineering,”  311. 

Maryland,  colonial  ironworks,  179;  steelworks,  187,  205. 

Maryland  Historical  Society,  material  from,  179. 

Massachusetts,  colonial  domestic  industry,  8-17;  early 
textile  enterprises,  34,  35,  38-41;  dams,  51-53;  water 
power,  129;  present  textile  manufacture,  149,  160,  161, 
165,  172;  textile  machinery,  163,  164;  attempted  silk 
culture,  167;  silk  industry,  168;  early  iron  industry, 
173,  176-178,  181;  early  paper  mills,  246;  development 
of  paper  industry,  250,  252;  early  meat  industry,  257, 
265;  early  tanneries,  267,  268;  shoemaking,  273.  See 
also  New  England. 

Massachusetts  Spy,  248. 

Mather,  Benjamin,  “Lowell,”  39. 

Matthews,  William,  Hydraulics,  46. 

Mauch  Chunk,  Pa.,  early  coal  mining,  58. 

Mause,  Daniel,  hosier,  advertisement,  32. 

Maxim,  Hiram  S.,  incandescent  lamp,  142. 

Maximilian  of  Wied-Neuwied,  Reise,  280. 

Means,  John,  ironworks,  182. 

Means,  Thomas  W.,  ironworks,  183;  portrait,  183. 

Meat,  development  of  industry,  256;  by-products,  256, 
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261;  early  eastern  industry,  257;  Cincinnati  hog  pack¬ 
ing,  258;  early  Chicago  packing,  259;  stockyards,  259, 
260;  modern  packing  plant,  261;  slaughtering,  261; 
dressing,  262;  inspection,  262;  transportation  in  re¬ 
frigerator  cars,  263;  relative  size  of  cattle  markets,  263; 
Armour  as  packer,  264;  Swift,  265. 

Mechanics,  as  aid  to  power,  43. 

Menlo  Park,  N.  J.,  Edison’s  electric  light  demonstration, 
144. 

Merino  sheep,  introduction,  161. 

Merrimac  Manufacturing  Co.,  39. 

Merrimac  River,  dam,  51. 

Middleboro,  Mass.,  slitting  mill,  177. 

Middletown,  Conn.,  artisans  and  tradesmen,  19. 

Middlesex  County,  Mass.,  bog  ore  forges,  177. 

Middlesex  Mills,  161. 

Milbert,  Jacques  Gerard,  Itineraire  Pittoresque,  26. 
Milesburg,  Pa.,  ironworks,  196,  203. 

Miller,  Charles  H.,  “Old  Float  Wheel,’’  47. 

Miller,  social  importance,  26. 

Mills,  Elisha,  hog  packer,  258. 

Mills,  early  saw  and  grist,  25;  interior  of  grist  windmill, 
45,  46;  interior  of  grist  watermill,  50;  fulling,  17.  See 
also  cross  references  under  Industry. 

Milton,  Mass.,  slitting  mill,  177,  181;  paper  mill,  246. 
Minerals,  wealth  of  United  States,  4. 

Mining.  See  Coal;  Iron. 

Minnesota,  old-time  dam,  50;  iron  mining,  188. 

Mississippi  River,  Keokuk  Dam  and  power  plant,  131. 
Mitchell,  John,  portrait,  295;  as  labor  leader,  295. 

Molasses  Act,  23. 

Molly  Maguires,  75. 

Monongahela  River,  coal  seam,  61. 

Montana,  rancher’s  sawmill,  227. 

Montgomery,  Elizabeth,  Reminiscences  of  Wilmington, 
249. 

Moore,  D.  McFarlan,  tube  light,  140. 

Morse,  Sydney  H.,  “  Josiah  Warren,’  283. 

Mount  Nebo  Silk  Mills,  168. 

Mule  spinning,  156. 

Murray,  G.  W.,  silk  mill,  169. 

Muscle  Shoals,  power  project,  131. 

Mushet  process,  197. 

Nail  making,  artisan,  13,  308. 

Nantucket,  windmill,  45. 

Nast,  Thomas,  “Knights  of  Labor,”  292;  “Boycott,”  302. 
National  Association  of  Wool  Manufacturers,  Bulletin,  161. 
National  forests,  and  logging,  227;  map,  243;  develop¬ 
ment,  243;  fire  observatory,  243. 

National  Labor  Union,  290. 

National  Portrait  Gallery,  London,  material  from,  30,  85, 
138. 

Natural  gas,  occurrence,  100;  waste  and  use,  106. 

Natural  resources,  American,  4.  See  also  Coal;  Forests, 
Iron;  Petroleum;  Power. 

Naugatuck  River,  dam,  51. 

Negroes,  loggers,  235. 

New  Bedford,  Mass.,  cotton  manufacture,  150. 

New  Ebenezer,  Ga.,  mills,  25. 

New  England,  early  factories,  3;  rum,  23;  water  power 
and  factory  system,  42;  fluid  capital,  42;  and  cotton 
mills,  148,  152;  logging  in,  214;  as  shoemaking  center, 
266.  See  also  states  by  name. 

New  England  Factory  Girl,  40. 

New  England  Magazine,  36.  . 

New  Harmony,  Owen’s  experiment,  280;  Warrens  time 

store,  283. 


New  Jersey,  early  cotton  mills,  38;  silk  industry,  169; 
ironworks,  205. 

New  London,  Conn.,  Winthrop’s  mill,  48. 

New  York,  early  mills,  26,  47;  water  power,  123-126,  130; 
early  iron  industry,  178,  182;  later  iron  and  steel  works, 
197,  198,  206. 

New  York  and  Northampton  Silk  Co.,  167. 

New  York  City,  first  electric  light  station,  145'  electric 
lighted,  147;  Henry  George  campaign,  287. 

New  York  Gazette,  56,  178;  watermark,  245. 

New  York  Herald,  144. 

New  York  Historical  Society,  material  from,  279. 

New  York  Mercury,  248. 

New  York  Public  Library,  material  from,  21,  38,  167,  180, 
286. 

Newark  (N.  J.)  Public  Library,  material  from,  204. 
Newburyport,  Mass.,  cotton  mills,  149;  wool  mills,  160. 
Newcomen,  Thomas,  steam  engine,  84. 

Newlands  Act,  289. 

Newport,  R.  I.,  windmill,  45. 

Newson,  A.,  “Josiah  White,”  59;  “Erskine  Hazard,  59. 
Niagara  Falls,  power  from,  123-126. 

Nicholson,  John,  coal  company,  58. 

Noetzel,  Gregor,  “Coal  Production,”  62;  “Petroleum 
Fields  of  the  World,”  100;  “Power  behind  Niagara 
Falls,”  124;  “Water  Power  and  Total  Power,”  127; 
“Water  Power  Areas,”  128;  “Rainfall,”  128;  “Water 
Power  Sites,”  129;  “Superpower  Systems,”  133,  134; 
“Bog  Ore  Forges,”  177;  “Blast  Furnaces,”  186;  “Steel 
Processes,”  195. 

Nonatuck  Silk  Mills,  168. 

Norfolk  County,  bog  ore  forges,  177. 

North  Carolina,  old  mill,  53;  cotton  mills,  152;  lumber 
camp,  220,  221;  naval  stores,  220,  221;  postbellum 
logging,  221;  hardwood  forest,  226. 

Northrop,  James,  loom,  159. 

Norwich,  Conn.,  paper  mill,  247. 

Nyholm,  Arvid,  “Philip  D.  Armour,”  264. 

Oggins,  I.,  bog  ore  forges,  177. 

Ohio,  early  mills,  25,  47;  coal,  61;  steelworks,  206.  See 
also  Cincinnati;  Cleveland. 

Ohio  Iron  and  Coal  Co.,  183. 

Ohm,  Georg  S.,  electricity,  135. 

Oil.  See  Petroleum. 

Oil  Creek,  Pa.,  petroleum,  96;  pond  freshet  day,  107. 

Oil  Creek  Railway,  108. 

Oklahoma,  petroleum,  98,  99. 

Old  Colony  Historical  Society,  Taunton,  material  from, 
176! 

Oliver,  Peter,  slitting  mill,  177. 

Omaha,  meat  packing,  256,  263. 

Open-hearth  process,  199-201,  206. 

Order  of  Railway  Conductors,  296. 

Ordnance,  Revolutionary  casting,  181;  casting  at  Hecla 
Furnace,  183. 

Oregon,  power  plants,  132.  See  also  Pacific  coast. 
Organized  labor,  conditions  developing,  278;  early  organi¬ 
zations  as  conspiracies,  279;  high  wages  as  obstacle  to 
organization,  279;  social  communities,  280-283;  co¬ 
operative  movement,  284;  and  Socialism,  284,  285,  and 
government  ownership,  286;  in  politics,  286-289;  and 
Department  of  Labor,  288;  Adamson  Act,  288;  Clayton 
Act,  289;  National  Labor  Union,  290;  eight-hour  day, 
290-  Knights  of  Labor,  291-293;  American  Federation, 
293,  294;  coal  miners,  295;  railway  trainmen,  296; 
other  railway  employees,  296;  clothing  workers,  297, 
298;  boycott  as  weapon,  302;  success  and  strength,  304 ; 
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and  improvement  in  wages  and  hours,  305;  and  in 
working  conditions,  306;  and  control  of  industry,  306; 
banks,  306;  and  equality  of  opportunity,  307.  See  also 
Arbitration;  Labor;  Strikes. 

Orr,  Hugh,  gun  factory,  177. 

“  Oruktor  Amphibolos,”  87. 

Otis  Iron  and  Steel  Co.,  206. 

Otto,  Nicholas  A.,  portrait,  113. 

Owen,  Robert,  New  Harmony,  280. 

Owen,  Robert  Dale,  career,  281;  portrait,  281. 

Pacific  coast,  lumber  fields  and  logging,  228-233;  lum¬ 
bering,  241. 

Pagensteeher,  Albrecht,  and  brothers,  mechanical  wood 
pulp,  252. 

Paper,  history,  244;  first  mills  in  Pennsylvania,  245-247; 
watermarks,  245-247,  255;  early  New  England  mills, 
246-248;  handicaps,  scarcity  of  rags,  248;  first  Ameri¬ 
can  machinery,  249;  foreign  invention,  Fourdrinier, 
process,  250,  255;  development  of  American  industry, 
250;  rag  substitutes,  chemical  wood  pulp,  251;  manu¬ 
facture  of  pulp,  252,  254;  handicraft  process,  253;  half¬ 
stock  and  beating,  253. 

Papin,  Denis,  steam  device,  84. 

Papyrus,  244. 

Paris  International  Exposition  of  1900,  material  from,  314. 
Parsons,  Sir  Charles  A.,  portrait,  90;  steam  turbine,  90,  91. 
Parsons  Paper  Mill,  250. 

Paterson,  N.  J.,  early  cotton  mill,  38;  silk  industry,  169. 
Paul,  Lewis,  and  spinning,  31. 

Pawtucket,  R.  I.,  Slater’s  mill,  35,  36;  mills  (1812),  37. 
Pawtucket  Locks  and  Canal  Co.,  39. 

Pearce,  Charles  S.,  “Labor,”  307. 

Pedlars,  27. 

Pedro  II  of  Brazil,  starts  Corliss  engine,  88. 

Pelton,  Lester  A.,  portrait,  122;  water  wheel,  122,  123. 
Pelton  wheel,  122,  123. 

Pennock,  Isaac,  ironmaster,  205. 

Pennsylvania,  early  iron  works,  4,  179,  180;  anthracite 
mining,  57-60;  bituminous  coal,  61;  Molly  Maguires, 
75;  petroleum,  93-98,  107;  water  power,  130;  electric 
power  at  coal  mines,  134;  silk  industry,  169;  develop¬ 
ment  of  iron  industry,  173;  early  western  iron  industry, 
182;  anthracite  smelting,  184,  185;  and  coke  smelting, 
185;  steel  workers  and  masters,  198,  205-208;  early 
paper  making,  244-  247;  late  paper  mill,  251;  lumbering, 
237.  See  also  Philadelphia;  Pittsburgh. 

Pennsylvania  capital,  Harrisburg,  material  from,  211. 
Pennsylvania  Department  of  Forestry,  material  from,  237. 
Pennsylvania  Department  of  Internal  Affairs,  Report,  182, 
191. 

Pennsylvania  Gazette,  32,  34. 

Pennsylvania  Magazine,  33. 

Pennsylvania  Magazine  of  History  and  Biography,  245. 
Pennsylvania  Museum,  Philadelphia,  material  from,  179. 
Pennsylvania  State  College,  material  from,  64. 

Pennsylvania  Steel  Co.,  Bessemer  plant,  198. 

Peters,  G.  W.,  “Pullman  Strike,”  300. 

Petroleum,  occurrence,  92,  100,  101;  uses,  92;  early 
knowledge,  93;  as  medicine,  94;  beginning  as  illuminant, 
94;  first  well,  95,  96;  rush  and  development  of  Oil 
Creek  field,  96;  speculation,  cartoons,  97;  first  ex¬ 
change,  97;  rise  and  fall  of  fields,  98;  Drake  monu¬ 
ment,  98;  new  fields,  98;  boom  town,  98;  map  of 
American  fields,  99;  Rockefeller  and  Standard  Oil,  99; 
map  of  world  fields,  100;  and  world  power,  100;  crowded 
derricks,  101;  wasteful  exploitation,  101;  drilling,  102- 
104;  gusher,  104;  lake  of  oil,  104;  flowing  and  pumping 


wells,  105;  shooting  a  well,  106;  storage  and  trans¬ 
portation,  106,  110;  oil  tank  fires,  109;  refining,  111; 
distributing  refined  oil.  111.  See  also  Gas  engines. 
Pewter,  utensils,  10. 

Philadelphia,  early  textile  manufacture,  33,  34;  early 
steam  engines,  86.  See  also  Cfetitennial  Exposition. 
Phillips,  Thomas,  cooperative  movement,  284. 

Philpot,  Glyn  W.,  “Marble  Worker,”  312. 

Picketing,  301. 

Pig  iron,  modern  process,  192-194. 

Pines,  white,  214,  215;  southern  yellow,  222;  Rocky 
Mountain,  226. 

Pipe  lines,  oil,  108,  110,  111;  water,  for  power,  127. 
Pithole  City,  Pa.,  rise  and  fall,  98. 

Pittsburgh,  early  iron  industry,  184;  coke  smelting  de¬ 
velopment,  185;  ironmasters,  206-208;  railroad  riots 
of  1877,  299. 

Pittsfield,  Mass.,  wool  manufacture,  161. 

Pittsfield  Sun,  161. 

Pixii,  Hippolyte,  dynamo,  136. 

Plankinton,  John,  meat  packing,  264. 

Plans.  See  Maps. 

Plowing,  primitive,  307. 

Plumb,  Glenn  E.,  portrait,  286;  and  government  owner¬ 
ship,  286. 

Plumb  Plan,  286. 

Plymouth,  Mass.,  early  house,  8. 

Plymouth  County,  Mass.,  bog  ore  forges,  177. 

Pocumtuck  Valley  Memorial  Association,  Deerfield,  ma¬ 
terial  from,  8-15,  17,  19,  21-24,  26,  275. 

Poles,  textile  workers,  151;  steelworkers,  209. 

Politics,  labor  parties  and  policy,  286-288. 

Pollock,  T.  “Moses  Brown,”  36. 

Polyanthos,  37. 

Pomeroy,  Ohio,  coal  mine,  61. 

Poncelet,  Jean  V.,  impulse  wheel,  122;  portrait,  122. 

Pond  freshet  day,  107. 

Pool  Forge,  179. 

Pope,  Franklin  L.,  Evolution  of  the  Electric  Incandescent 
Lamp,  141. 

Pope’s  Point  Furnace,  177. 

Portuguese,  textile  workers,  151. 

Potter,  Humphrey,  and  steam  engine,  84. 

Potts,  John,  ironworks,  179. 

Potts,  Richard,  and  Loring,  206. 

Pounding  mill,  46. 

Powderly,  Terence  V.,  portrait,  292;  as  leader  of  Knights 
of  Labor,  292. 

Power,  harnessing  forces  of  nature,  42;  mechanical  aids, 
43,  44;  animal,  44,  65;  windmills,  45,  46;  human,  307. 
See  also  Electricity;  Gas  engine;  Steam;  Water. 

Preston,  Samuel,  shoe-pegging  machine,  275. 

Prices,  western  brick-laying  (1814),  279. 

Principio  Co.,  179. 

Providence,  R.  I.,  steam  engine  works,  88. 

Puddling  furnace,  196. 

Pullman  Co.,  Corliss  engine,  88. 

Pullman  strike,  300. 

Pynchon,  William,  portrait,  257;  meat  packing,  257. 

Pyne,  William  II.,  Microcosm,  61. 

Quebracho  bare,  271. 

Rafts,  log,  225,  233. 

Railroads,  and  industrial  development,  5;  early  gravity, 

60;  coal  transportation,  71;  oil  transportation,  108, 
109,  111;  first  American  locomotive,  205;  logging,  226, 
232;  refrigerator  cars,  256,  263;  Plumb  Plan  of  govern- 
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ment  ownership,  286;  Adamson  Act,  289;  organized 
labor,  296;  strike  of  1877,  299;  American  Railway 
Union  strike,  300;  Labor  Board,  303. 

Rails,  first  American  steel,  198. 

Rainfall,  and  water  power,  128. 

Raleigh,  Sir  Walter,  and  Trinidad  pitch  lake,  93. 

Raynham,  Mass.,  ironworks,  176. 

Rayon,  spinning,  172;  future,  172. 

Read,  Nalhan,  nail -slitting  machine,  13. 

Red  Bank,  N.  J.,  as  phalanx,  282. 

Redwoods,  229. 

Reems  Creek,  N.  C.,  old  mill,  53. 

Reform  movements,  era,  283. 

Refrigerator  cars,  256,  263. 

Report  of  the  Petroleum  Committee,  108. 

Report  on  Water  Power  Development,  129. 

Rhode  Island,  early  textile  mills,  35-37;  steam  engine 
works,  88.  See  also  New  England. 

Richmond,  Va.,  early  coal  mine,  56. 

Rickerman,  Isaac,  shoemaker,  272. 

Ring  spinning,  156. 

Rittenhouse,  William,  paper  maker,  245. 

Rivers,  coal  transportation,  71;  oil  transportation,  107, 
108.  See  also  Dams;  Water  as  power. 

Robert,  Nicholas  Louis,  paper  machine,  250. 

Rockefeller,  John  D.,  portrait,  99;  Standard  Oil,  99; 
benefactions,  99. 

Rocky  Mountain  region,  forests  and  logging,  226,  227. 
Rogers,  James,  ironworks,  182. 

Rogers,  W.  A.,  “Pullman  Strike,”  300. 

Rolling  mills,  202. 

Roosevelt,  Nicholas  J.,  steam  engine,  86. 

Roosevelt,  Theodore,  mayoral  campaign,  287. 

Rope  making,  25. 

Rosse,  William  Parsons,  Earl  of,  90. 

Roving,  cotton,  155. 

Rowley  Village,  Mass.,  forge,  177. 

Royal  Dutch  Shell  Syndicate,  100. 

Royer’s  Ford,  Pa.,  paper  mill,  251. 

Rum,  distilling,  23. 

Russians,  steelworkers,  209. 

Rutter,  Thomas,  ironworks,  179. 

Sachse,  Julius  F.,  paper  mill  at  Ephrata,  247. 

Saddle  making,  23. 

Safety  measures,  in  coal  mining,  77-79;  forest  fire  ob¬ 
servatory,  243;  in  industry,  306. 

Sagard-Theodat,  Gabriel,  Canada,  93. 

St.  Louis,  meat  packing,  263. 

Salem,  Mass.,  cotton  mills,  172;  early  tannery,  268. 

Salem  Mercury,  34,  35. 

Salisbury,  Conn.,  iron  industry,  173,  178. 

Salisbury,  Mass.,  view  of  Mills  Village,  41. 

Sargent,  John  S.,  “John  D.  Rockefeller,”  99. 

Saugus  Ironworks,  176,  177. 

Saugus  Pot,  176. 

Saur,  Christopher,  Bible,  247. 

Savery,  Thomas,  steam  device,  84. 

Saw,  for  lumbering,  237—239. 

Sawver,  William  E.,  incandescent  lamp,  142. 

Schell,  F.  H„  “Oil  Creek  Rush,”  96;  “Oil  Creek  Valley,” 
96;  “Oil  Drilling,”  102. 

Scholfield,  Arthur,  wool  manufacture,  160,  161. 

Scholfield,  John,  wool  manufacture,  160,  161. 

Schuyler,  John,  and  steam  engine,  86. 

Schwab,  Charles  M.,  career,  ironmaster,  208;  portrait,  208. 
Science,  and  industrial  development,  2,  4,  5. 

Scissors  grinder,  27. 


Scott,  Thomas  A.,  and  Carnegie,  207. 

Scranton,  Pa.,  silk  industry,  169;  steelworks,  185. 

Seidenberg,  S.  M.,  “Plowers,”  307. 

Seneca  Oil,  94. 

Sewing  machine,  Howe’s,  275. 

Seymour,  Conn.,  dam,  51. 

Sheep.  See  Wool. 

Sherman  Anti-Trust  Act,  labor  and,  288. 

Sherman  Stockyards,  259. 

Ships,  oil  tank  steamers,  110. 

Shirlaw,  Walter,  “Glass  Blowers,”  312. 

Shoemaking,  traveling  shoemaker,  19,  272;  handicraft 
shop,  20;  New  England  as  center,  266;  social  aspect 
of  early,  272;  Lynn’s  “ten-footer”  shops,  273,  274; 
types  of  old  shoes,  274,  275;  early  machines,  275; 
pegged  shoes  and  machine,  275;  first  sole-sewing 
machine,  276;  welt-sewing  machine,  277;  modern 
machinery,  277. 

Shooting  a  well,  106. 

Siemens  gas  regenerative  heating  furnace,  206. 

Silk  industry,  development  of  American,  148;  attempted 
culture,  166;  early  mills,  167;  growth  of  New  England, 
168;  modern,  Paterson,  169;  throwing,  169;  weaving, 
170;  dyeing,  170. 

Sims, - ,  steam  engine,  89. 

Skidmore,  Thomas,  Rights  of  Man  to  Property,  282; 
agrarian  reform,  282. 

Skinner,  William,  silk  industry,  168. 

Skinner  Silk  Mills,  168. 

Slater,  Samuel,  and  textile  manufacture,  35;  portrait,  35; 
mills,  36,  38;  machines,  37. 

Slaughtering,  258,  261. 

Slave  trade,  and  rum,  23. 

Slavs,  steelworkers,  209. 

Slovaks,  steelworkers,  209. 

Smeaton,  John,  and  steam  engine,  84. 

Smelting.  See  Iron  industry. 

Smith,  Jacob  B.,  and  anthracite,  59. 

Smith,  James,  oil  well,  95. 

Smith,  John  R.,  “Pawtucket  Falls,”  37. 

Smith,  Joseph,  and  anthracite,  59. 

Smith,  William,  oil  well,  95. 

“Snow-birds”  in  coal  mining,  82. 

Soap  making,  colonial,  13. 

Social  communities  and  reform,  168,  280-283. 

Social  conditions,  of  coal  miners,  80;  under  industrialism, 
310. 

Socialism,  beginnings  in  United  States,  284;  labor  and, 
284;  Debs,  285;  I.  W.  W.,  285;  government  ownership, 
286. 

Society  for  the  Encouragement  of  LTseful  Arts,  34. 

Somers,  Thomas,  textile  machinery,  34. 

Sorge,  F.  A.,  Socialist,  284. 

South,  cotton  manufacturing,  152,  153;  logging  camp, 
221;  pine  logging,  222,  223;  swamp  logging,  223-225; 
proportion  of  lumber  production,  225;  loggers,  235, 
lumbering,  241,  242.  See  also  states  by  name. 

South  Carolina,  logging,  222. 

South  Kensington  Museum,  London,  material  from,  30, 
31,  77,  83-85,  91,  250. 

Sparks,  John,  ironworks,  182. 

Sparrows  Point,  Ind.,  steelworks,  187. 

Speculation,  oil,  97. 

Spencer,  H.  L.,  “Slater  Mill,”  36. 

Spinning.  See  Textile  manufacture. 

Spofford,  Ernest  M.,  “Sparrows  Point  Steel  Plant,”  187. 

Spokane,  Wash.,  power  plant,  132. 

Springfield,  L.  I.,  old  float  wheel,  47. 
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Springfield,  Mass.,  arsenal,  178. 

Standard  Oil  Trust,  99. 

Stanley,  William,  portrait,  147;  transformer,  147. 

Starr,  J.  A.,  incandescent  lamp,  141. 

Starrett,  W.  K.,  “Adamson  Act,”  289. 

Steam,  as  power,  54;  early  power  devices,  83,  84;  New¬ 
comen’s  engine,  84;  Watt’s  engine,  85;  first  American 
engines,  86;  Oliver  Evans  and,  87;  Corliss  engine,  88; 
multiple  expansion,  89;  industry’s  dependence  on,  89; 
modern  engine  and  dynamo,  89;  turbine,  90,  91;  as 
power  for  textile  mills,  149,  172. 

Steel  industry,  development,  173;  stimulus,  173;  process, 
174;  early  plant,  184;  modern  works,  187;  diagram  of 
processes,  195;  introduction  of  Bessemer-Kelly  process, 
197,  198;  Bessemer  operation,  199;  open-hearth,  199- 
201,  206;  ingots,  201;  rolling,  202,  203;  crucible,  204; 
types  of  workers,  209,  210,  212;  artistic  presentation, 
211,212,308-314;  testing,  212;  welding,  212;  machines, 
212;  Homestead  strike,  299.  See  also  Iron. 

Stephens,  Uriah  S.,  Knights  of  Labor,  291;  portrait,  291. 

“Stevedore,”  311. 

Steward,  Ira,  portrait,  290;  and  eight-hour  day,  290. 

Stiegal,  Baron,  ironworks,  180. 

Stirling,  William  Alexander,  Lord,  ironworks,  178. 

Stock  exchange,  oil,  97. 

Stockyards  at  Chicago,  259,  260. 

Stone,  Warren  S.,  portrait,  296;  as  labor  leader,  296. 

Stone,  William  W.,  wool  mills,  161. 

Storage  of  petroleum,  106,  108. 

Story,  W.  W.,  “Joseph  Henry,”  136. 

Stoves,  colonial  iron,  179,  180. 

Strasser,  Adolph,  portrait,  293;  and  America  Federation 
of  Labor,  293. 

Strickland,  William,  “Valley  Forge,”  180. 

Strikes,  as  weapon,  299;  railroad  (1877),  299;  Homestead, 
299;  Pullman,  300;  Lawrence,  301;  and  violence,  301; 
picketing,  301.  See  also  Arbitration;  Organized  labor. 

Stroudwater,  Me.,  tidal  mill,  48. 

Strutt,  Jedediah,  and  Slater,  35. 

Supreme  Court,  on  Kansas  Industrial  Court,  303. 

Sutton,  Mass.,  paper  mill,  248. 

Swain,  Asa  M.,  turbine,  120. 

Swain  wheel,  120. 

Swamp  Angel,  183. 

Swamp  logging,  223. 

Swedes,  loggers,  234. 

Swift,  Gustavus  F.,  career  as  meat  packer,  265;  portrait, 
265. 

Swine.  See  Meat. 

Swingle,  14. 

Sylvester  Forge,  177. 

Sylvis,  William  H.,  career.  National  Labor  Union,  290- 
portrait,  290. 

Syndicalism,  285. 

Tableware,  colonial,  10. 

Taft,  William  H.,  War  Labor  Board,  302. 

Tank  farm  storage,  108,  109,  111. 

Tanning.  See  Leather. 

Taunton  Forge,  176,  177. 

Tavernier, - ,  “Molly  Maguires,”  75. 

Taylor,  James  E.,  “Lumbering  in  North  Carolina,”  221. 

Telegraph,  invention,  117. 

Telephone,  invention,  117. 

Ten-footer  shoe  shops,  273. 

Tennessee,  the  Volunteer  State,  46. 

Tennessee  River,  Muscle  Shoals  power  plant,  131. 

Texas,  petroleum,  98. 


Textiles,  domestic  preparation  of  flax,  13,  14;  and  of 
wool,  15;  spinning  wheels,  15,  16;  domestic  looms,  16; 
fulling,  17;  factory  system,  29;  Kay’s  flying  shuttle,  29; 
Hargreaves’  jenny,  30;  Arkwright’s  spinning  frame,  31; 
Crompton’s  mule,  31;  Cartwright’s  loom,  32;  early, 
American  enterprises,  33-35;  .Slater’s  spinning  mills  and 
machinery,  35-38;  other  early  attempts,  38;  F.  C. 
Lowell  and  first  complete  American  mill,  38,  39;  develop¬ 
ment  of  city  of  Lowell,  39-4 1 ;  labor  system  of  early  mills, 
40,  41;  early  factory  towns,  41;  development  of  cotton 
manufacture,  148;  southern  trend  and  mills,  148,  152; 
steam  power,  149,  172;  moistening  the  air,  150;  types 
of  operators,  150,  151,  153;  cotton  picker  room,  153; 
carding,  154;  drawing  frames,  154;  combing,  155;  fly 
frames  and  roving,  155;  spinning,  156;  spooling,  157; 
beaming,  157;  drawing  in,  158;  weaving,  automatic 
looms,  158,  159;  masters,  162;  manufacture  of  ma¬ 
chinery,  163,  164;  strike,  301.  See  also  Silk;  Wool. 

Thom,  W.  T.,  on  blast  furnaces,  186. 

Thomas,  David,  ironworks,  184,  185;  portrait,  185; 
hot  blast  smelting,  190. 

Thomas,  Isaiah,  career  as  printer,  248;  portrait,  248. 

Thomson,  Elihu,  dynamo,  137. 

Throwing  silk,  170. 

Thurston,  Robert  H.,  Steam  Engine,  89. 

Tidal  mills,  48. 

Tiebout,  Cornelius,  “Valley  Forge,”  180. 

Tinker,  itinerant,  20. 

Tipple,  70. 

Titusville,  Pa.,  oil  exchange,  97. 

Toledo  (Ohio)  Museum  of  Art,  material  from,  307. 

Tom  Thumb  locomotive,  205. 

Topsfield  (Mass.)  Historical  Society,  material  from,  17. 

Transformer,  electric,  147. 

Transportation,  and  industrial  development,  5;  colonial 
sea-borne,  7;  harness,  22;  in  coal  mines,  67,  68;  of 
coal  to  market,  71;  of  petroleum,  106-108,  110;  of 
refined  oil,  111;  transmission  of  electricity,  117,  129,  130, 
132,  147;  of  iron  ore,  188,  189;  of  logs,  217,  222-227,  230- 
233;  of  meat  in  refrigerator  cars,  256,  263.  See  also 
Railroads. 

Treadmill  as  power,  43,  44. 

Trenton,  N.  J.,  ironworks,  205. 

Trip  hammer  in  iron  making,  196. 

Trompe,  189. 

Troy,  N.  Y.,  ironworks,  197,  198,  206. 

Troy  Iron  and  Nail  Factory,  206. 

Tub  wheel,  118. 

Tube  lights,  140. 

Tully,  Christopher,  “American  Spinning  Jenny,”  33. 

Tungsten  lamp,  145. 

Turbines,  steam,  90,  91;  development  of  water,  117-121. 

Turbinia,  90. 

Turner,  44. 

Turners  Falls,  Mass.,  power  plant,  129. 

Turpentine,  collecting,  220;  distilling,  221. 

Tyler,  Benjamin,  Wry-Fly  wheel,  118. 

Ulsperger  Tracts,  25. 

Unger,  Franz,  “Age  of  Coal  Accumulation,”  55. 

Union  Furnace,  Ohio,  182. 

Union  Stockyards,  259,  260. 

United  Company  of  Philadelphia  for  promoting  American 

Manufactures,  33. 

United  Engineering  Societies  Library,  New  York,  material 

from,  135. 

United  Mine  Workers  of  America,  295. 

United  Shoe  Machinery  Corporation,  277. 
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United  States  Bureau  of  Fisheries,  material  from,  50. 

United  States  Bureau  of  Mines,  material  from,  65,  69,  74, 
76,  77,  79,  81,  109;  and  safety  measures,  79. 

United  States  Census  of  Manufactures,  127,  225. 

United  States  Department  of  Agriculture,  material  from, 
152-154,  157,  158,  223,  242,  262;  Bulletin,  225;  Year¬ 
book,  263. 

United  States  Department  of  Labor,  246. 

United  States  Forest  Service,  material  from,  50,  214,  215, 
217-220,  224,  226,  227,  229-232,  238-241,  243. 

United  States  Geological  Survey,  material  from,  55,  82, 
101;  Professional  Papers,  133. 

United  States  National  Museum,  Washington,  material 
from,  37,  43,  55,  56,  63,  72-74,  82-84,  86,  100,  111,  112, 
135-137,  139,  142,  143,  145,  275, 

United  States  Steel  Corporation,  plants,  187;  formation, 
208. 

Universal  Magazine,  16. 

Urban  life,  development  and  artisans,  18,  19;  and  in¬ 
dustrialism,  310. 

Utensils.  See  Implements. 

Valley  Fobge,  Pa.,  ironworks,  180. 

Van  Slyck  &  Co.,  “Corliss  Steam  Engine  Works,”  88. 

Ventilation  of  coal  mine,  76,  77. 

Villages  of  coal  miners,  81. 

Virginia,  early  house,  8;  silk  culture  in  colonial,  166; 
lumber  mill,  238;  colonial  ironworks,  175,  179. 

Virginia  Company,  ironworks,  175. 

Virginia  Historical  Society,  material  from,  188. 

Virginia  .  .  .  richly  and  truly  valued,  166. 

Volta,  Alessandro,  electricity,  135. 

Van  Syckel,  Samuel,  oil  pipe  line,  110. 

Wadsworth,  Jeremiah,  wool  mill,  160. 

Wages,  of  coal  miners,  80;  trend,  305. 

Wages  and  Hours  in  American  Industry,  305. 

Wall,  G.,  “Newport  Windmill,”  45. 

Wallace,  William,  electrical  inventions,  137. 

Walsh,  Frank,  War  Labor  Board,  302. 

Waltham,  Mass.,  textile  mill,  39. 

Wamsutta  Mills,  150. 

War  Labor  Board,  302. 

War  of  1812,  and  factory  system,  3,  28. 

Ward,  John  Q.  A.,  “Alexander  Lyman  Holley,”  198. 

Warren,  Josiah,  portrait,  283;  labor  notes,  283. 

Washington,  Augustine,  ironworks,  179. 

Washington,  George,  visit  to  Beverly  mill,  35. 

Washington,  power  plants,  132;  lumbering  industry,  228, 
230,  232. 

Water  as  power,  harnessing,  42;  pounding  mill,  46; 
float  wheels,  46,  47;  overshot  wheels,  47-49 ;  tidal  mills, 
48;  early  undershot  wheels,  49;  breast  and  pitch-back 
wheels,  49;  dams,  50-53;  limitation  of  early  appliances, 
54;  development  of  turbine,  117-121;  impulse  wheel, 
Pelton,  122,  123;  development  at  Niagara,  123-126; 
pipe  line,  127;  proportion  of  total  power,  127;  areas, 
128;  and  rainfall,  128;  sites,  129;  hydroelectric  plants, 
129;  in  rolling  mill,  203;  large  overshot  wheel,  206. 

Watermark  in  paper,  245-247;  process,  255. 

Watt,  James,  steam  engine,  85;  portrait,  85. 

Wayne,  Anthony,  shoemaker,  272. 

Weaving.  See  Textiles. 

Webster,  Mass.,  Slater  mills,  38. 

Weiss,  Jacob,  anthracite  coal  company,  58. 

Wellman,  Samuel  T„  portrait,  206;  career,  ironmaster,  206. 


Wellman-Seaver  Engineering  Co.,  206. 

West  Point,  Ga.,  cotton  mills,  152. 

Wetherill,  Samuel,  portrait,  33;  and  textile  manufacture, 
33,  34. 

Whale-oil  lamps,  12,  92. 

Whaling,  period,  92. 

“Whipping  the  cat,”  272. 

White,  George  S.,  Samuel  Slater,  36. 

White,  Josiah,  portrait,  59;  and  anthracite,  59. 

Whitmarsh,  Samuel,  silk  mill,  167. 

Whittington  Ironworks,  177. 

Willcox,  Mark,  paper  maker,  246. 

Willcox,  William,  paper  maker,  246. 

Willcox  Ivy  Paper  Mills,  246. 

Williams,  Edward,  Virginia  richly  and  truly  valued,  166. 
Willimantic,  Conn.,  silk  industry,  168. 

Wilmington,  N.  C.,  turpentine  distillery,  221. 

Wilson,  Peter,  95. 

Wilson,  William  B.,  portrait,  288;  as  labor’s  cabinet 
officer,  288. 

Wilson,  Woodrow,  and  Adamson  Act,  289. 

Wilson  Dam,  131. 

Wind  power,  42,  45,  46. 

Windlass,  as  power,  43. 

Winship,  Jonathan,  meat  industry,  257. 

Winthrop,  John,  Jr.,  ironworks,  176. 

Wisconsin,  log  jam,  219. 

Wolf  Creek,  Ohio,  float  wheel,  47. 

Wolff  Packing  Case,  303. 

Wolman,  Leo,  Growth  of  American  Trade  Unions,  304. 
Wood,  William  M.,  portrait,  162;  career,  162. 

Wood  pulp,  first  use  for  paper,  251;  manufacture,  252, 
254. 

Wood  working,  coopering,  24.  See  also  Carpentry. 

Wool,  domestic  manufacture,  15-17;  development  of 
American  industry,  148;  first  American  factory,  160; 
Scholfields  carding  machine  and  factories,  160;  intro¬ 
duction  of  merino  sheep,  161;  small-scale  industry,  161; 
first  large  mill,  161;  Knowles  loom,  163;  Crompton 
loom,  163,  164;  sorting  and  classification,  164;  scouring, 
164;  process  of  manufacture,  164;  classes  of  mills,  165. 
See  also  Textiles. 

Woolf,  Arthur,  steam  engine,  89. 

Worcester,  Edward  Somerset,  Marquis  of,  steam  device,  83. 
Worcester,  Mass.,  paper  mill,  248;  loom  manufacture,  163, 
164. 

Worcester  (Mass.)  Historical  Society,  material  from,  14. 
Worcester  (Mass.)  Society  of  Antiquity,  material  from,  16; 

Proceedings,  248. 

Working  Man’ s  Advocate,  283. 

Workingmen’s  Institute,  New  Harmony,  material  from, 
283. 

Workingmen’s  parties,  286. 

World  power,  industrial  phase,  6;  oil  and,  100. 

World  Struggle  for  Oil,  93-96,  102,  107 . 

Wright,  Frances,  portrait,  281;  career  as  reformer,  281. 
Wright,  Joseph,  “Sir  Richard  Arkwright,”  30. 

Wrought  iron,  196. 

Wry-Fly  wheel,  118. 

Wyatt,  John,  and  spinning,  31. 

Wyoming,  logging,  227. 

Wyoming  Historical  and  Geological  Society,  Wilkesbarre, 
material  from,  57;  Proceedings,  71. 

Yankee  notions,  27. 

Young,  Mahonri  M.,  “Stevedore,”  311. 
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